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(54) METHOD FOR PRODUCING DEFECT-FREE CRYSTAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To ascertain concrete conditions required 
for obtaining a defect-free crystal stably with good reproducibility and to 
produce a silicon ingot having a wide defect-free area stably with good 
reproducibility. 

SOLUTION: When a silicon single crystal is pulled from a silicon melt a 
defect-free crystal is produced stably with good reproducibility by 
controlling the relation between the form of solid-liquid interface being 
the boundary of the silicon melt and the silicon single crystal and the 
temperature distribution at the side face or the single crystal being 
pulled to be optimum. 



i 













I. , 






_ i L- 






I- i 



http://wwwl9.ipdl.inpit.gojp/PAl/result/detail/main/wAAA8 



2008/05/21 



(19)0*B#if/f (JP) 



«*> & m ** ^ $g (a) 



#1^2001-261495 
(P2001-261495A) 
(43)^ffl 0 ¥J£13¥ 9 £ 26 0 (2001. 9. 26) 



(51) IntCl. 7 

C 3 0 B 29/06 
15/22 
H01L 21/208 



5 0 2 



F I 

C3 0B 29/06 
15/22 
HO 1L 21/208 



502J 4G0 77 
5F0 5 3 

P 



m&ffilt t»#«0>Scl4 OL (£19K) 





1$S2000 - 83030( P2000 - 83030) 


(71)fcHI8iA 


000184713 










(22)ffiISB 


¥J*12*P 3 £23 B (2000. 3. 23) 




















#&/r|*¥*Tl>G3;tg26i2#}ffi nvyfll 














(72)%K# 










#3£;i|*¥#mE;£S2612#tf! 3-771 














(74)ftSA 


100106002 








WB± IE** JI2. 











(54) KSSH©^] **XfmM s o>®&*& 



C57) 

[1MB] «I^BISS*3c3e*»^IPItt«t<»ifcft«c 
40WfcJ«*W*fl : *3S*±at>. JSfflBtcftXKflMtefll 

3. 

±t/*(C*A:o "C. 5/ y 3 >BHK t ~> 'J a >4U£A®8 



SO 



2 - cct 
20 - 



1 L_ 



( mm ) . 



[n&m 13 c z mc <t ->r y 3 >wm.&% -> 
? 1 * ±w $ «c * d -c . ttriBi"; 3 >st^ <t 

WE^'J ^ >#^A£©@®|?B©^tt£^liUT4&X 
[IM3I2 3 CZftKJiotJ/ya^M*?)^'^ 

>#*§jb*5 1 a±tf s c £ cc <fc o r s/ y 3 > -r > v k 

o -cmfrffimwz&tsu y > ^ ? r 
& 

[ !ft&9 3 ] fl!BSiK#B©fl?tt©MStt . tSftfJ^v 

5 Ci £ -T &f»Jj9S 2 IB«g©^!*«, 
[ f»301 4 3 iuiBM A^'C^OH jSWM©i« $ £ 1 0 m 

m«±i"i-4Ci*1$«&-J-a3»#3B3iBt8©2F& 
[§**:>» 5 3 «J8aBfi4>4>©H*W®©i*3©BIS 20 

B. IJffi^y=i>«lBR«:j*i/-CEpJ!il3ti41S«®3ftK© 

tc k> <Dm&m<Dmm> mtrnm^ >j => >*(**©#&■* 

±© £>©SC J: o -ctf 5 c £ £ -T 3 fStt© 

m^me 3 mmm><D%g&* 2500 #-?;*«±<fc 
•r 5 c i £ -r s is*3R 5 E«©*ffi. 
[it*^7 3 czatcjc-^-r^y 3>»}R*>&i/y 3 

is±tfs«:*fc or. BuiB^>y 30 
fria « a >^*sn £ ©H«isiffi©tt»*^»»©it5 $ 

SlOmmfilJhtl/t^'Ja >$4£B©3 I * ±tf »S£ 

[if^8 3 c z Sic j; o t-> >; 3 ^ 3 

£tsi£-f sssht?* o -c. s?riB-> y =1 >wmt sjibv y 

p >m*SA £ ©H?SI?ffi©*gS« : f^SP^©Hffi^ffi©lS 

;*£. i»BB^y3>#isa©(safl!Bi©iaiS4pB«t. a* 
<j =. i#±«f 5 c £ *ftmt-?*>u V 3 > -y 

hSfj^g. {fib. C©«gB. tt*£UT. &L 

t© (1) *>e> (in) c»r*ufe©#ttft3i*±if*fl : T 

(I) isa©?i*±ifajs*v(iiin/Wf04i/. ->y=* 

>©S4*>6 1 3 0 0 •C©PBl©ii#I^©S B lF*3©S)K^ 
1B©^€: G CC/mni) £ 0 tc £ # , V/CC« 3 tiZ> tbfr* 
0. 2 0~0. 2 2mn l /*Cmin£tc*<J:5te$IJffiJ-r-5C 
£. 

(II) SF*i© 5 F^lG*53 > C/im*<S-C* , 3. Gedge£ 50 



f$5H2 001-261495 
2 

Gcenterfal#1.0 'C/mm*?K"C&3t £. V£ V 
,„„.,. ±0. 0 2 mn/min (C$lJ®-rSC£. 
^Vosrci... ±0.01 mm/mi n Kl$W3-£t£. ID 1 

?Z>tt (&*J. G edgeB. MSffl'JffiffiiJ©l473^]2aR^J 
lB©^fel-CS>.5 0 , c centert*. ^^^©tt^frfi 
K4PK©^T*4. VOSF close B. ?l*±lfj!K ; & 

m&z &-ci> o /c£ tf &cosf y > i £±tf 

(Ill) V (mm/m i n) tt*i|Sft©SI*±tfJ6 
g. G CC/mm) Bi";3>BL**61 3 5 0"CS-C 

©jaisiSfflKteWiS I *±w*fc*rfij<!«rsrtiaffi4aE© 

^{B, GouterBifSJI©^fflJ®&e*JW&Gffi. Gcente 
rtJMSWK te W £ GffiT* S £ L T . tUBfP&OM 
£^Bl?fJSS-C©fi[g£©Pa©V/Gffl=0. 16- 
0. 1 8 mm 2 /'C -mi n £ U. Gouter/G center 
SI. 10 £T-5C£ 0 

[183919 3 0.40 mm/mi nJW±©agT-f l^±lf 6*1 

10 3 -5 3."Mft<D±#&mXmrj:M®& 5 
5% (i";3>^3^ r^gtC^-r^,S3©J:b*) 
±#a-T-5PS2 0 0mmJy±©->'j3>'(>3^ h„ 

c«*3i i 1 3 jS^ltssbhj* n/c 5 *«±©^> V a 

Itm) JW±^&-rSPS2 0 0mm«±©->y=i>-l'> 

C SS*9! 1 2 ] M3R?SS^ 2 4 pptnafelTT? . ■> x;>I 
ft(D£#&m?Kf&teffl$& 4 0% ( > >J a > W > =f -j h 
^S{c>pf-r2>g3©tbm) «±ffit^PS2 0 0 mm 

13] CZSKJ:oti"j3 >ik®#> 6 -> y 
n >3M£H3:3 1 *±lf 5 C £ (c J: -5 TT is V 3 > >f > =f 

h soffit?* r>r. frtB^y 3>Mm±mzis 

>; 3 >m*S B l£©a^®©*SS t 1 3 ^gP55-©llMI?ffi© 

K$ £ , friB~> y 3 >**s B %©^ B ifflija©iaK'£)iB£ . 

-> y 3 >*tSa*9 1 ±Cf S C £ £#Sfc£ S->>J3> 

[»#«i4] czstctoT^y n>siffi*>e)->y 
3 >WSB«9i»±tf 5K*te r . mria'> y ^ >«jR 
£milB-> y 3i >^s£©@«i?®©^« ; &ii^-r c 

ism. 

[0 00 13 

«fc o n/c~> y 3 >*aatcHT4. 

[0 00 23 



3 

•s^-c. -> 'J => >^fl©«36ilgtt:*a»T£r 4*M& 
&lfc©l£«©g#fc&<&oT&-ct>s. 
[0003] [i/y3>ttacc***iswBi-t©* 
tt] cct, — «tc. -»j3>Ma B B ictsn. ?a« 

©*m©£fMcW*>**6ft*B <b to ©tt. JJIT©3» 
©^tUT $> £ £ # *. 6 ht (, . 

[2] ^{tiftaS)l^RI(OSF ; Oxidation Induced 
Stacking Fault). 

[ 3 ] «fflffl ^ U 3 > L T £ C fc i * * 6 ire 1 » 

[0 004]*lt, C*i6©fcB©IE£*«»«. JSS 
*frtc«t -oTUTOk 5lcmt-?2>C. tifimhtiX^ 
■5. 

[i] JSfiatttJ&JaH^atetCtt. -> 'J n >J£J|B£?LM 
SJ£&9. jK-T F^B©**^*"***. 

ffitt&C V > yttCC O S F U OSF 85©rt wk: 

b*v K^K^ffaE-rsmfiia*. 

[iii] flc«aUS*S«:*C*i. V>^OSF©f 

m>tm> I, . ';>^osf ^©^w^ge ^ ^ ^ * a* 

[iv] 3 6CCRJ5fi»S**i;-5i. feB**«:«ffii'5 
**#5£DfcfltjS£&£. 

[0 00 5] _fcffi©J: SttSUfcWBc 

[0006] [ft^cKtsa mxmoi") 3 >mm 

H) ] WSBK-C&^/cfcSfC, X#tt©r6]±fC{$ 
B©(5«©fi*<>5S<tt-3-C*-Cl>4. fit. cntc 
**tftS*3ft. #H§¥8 -3 3 0 3 1 Q^SM («T. 

[0007] c ct, jas&wwp© i y >^ 

OSFW£IStfc*9;**fS£««£©HI«:. ±1233© 

^ffi©i>-rn4>^* ttt»«s^B««3*t|?a-r 4 c £ £m 
ffiu/cc<t^f2tgsnr^4o feftfMMix. ^?uipj 
#3^6*8^9 >- y =i >a»iitt»^©a»«iaK»i6 
u t>-rn©xpist>^-r4aiii]s{c«uri^i,^ 3 . 

[0 0 0 8 ] S/c. ^^fPJtf^Ui. C©-^- hvJb 



(3) 2 0 0 1 - 2 6 1 4 9 5 

4 

tf V (mra/min) £ h . 'J 3 >©Bfc£> 6 13 0 0 
' ^©^©^^©^^©SS^ieO^^GCC/mm) 

iLfcigf, v/cr-asn-&i:b*5o. 2o~o. 22^ 

/Cmin<bAj:SJ:5K:SI|ffl)Lriga5:?l#±lfnti, 

[0009] ic^t. G^ti^Jtisg— -c$>n«. 

m«G=3. 0 'C/mm© £ 3 I * _ktf ilBV B. 
10 0. 63 + 0. 0 3mm/minK:3> hn-;VTntfJ;CiC 

o #> u c ntemAff&m&Mw-? 5 tea a? &(,>©-c . 

iaseett3l||WCttttt». £1-5©»ji^. G«*€K& 
rate— «-cBft < - GK^b*J*fcir>**B^«:»*. i¥ 

*.B\ G©¥g#ft-C©^fb#s 1 0%ftjSLfc£i*K: 
B. l^itstt-fe'a<t^ori/$ ; 5©-cs.s. cftB, G 
©«39»aiftH4©iST«:J:oril«a«J«:ja:«R>aB»ift 

(^^tes) ©«as*t^pj«itt-Bci*aiic"rs. 
20 [0010] M(cm^.«. a^«G«^S73i^]«:— «f 

B&t^fctf). G©^73|S]-C©^{b*U O^fCiiT^C 
£«-hfr&c£3c f)»4. C©C£#>6. ^TWf^Uc 

^RIS»©i!afc&J««)-C^R3£a *>©itt6?4*S 
&t>©-c;&-2>„ 

[0 0 1 1 ] SfcHic. &»fPJtT«! 1 ©saucw:. «T 
©2^©pgn.^*5. 

30 [1] G («*lSl©|g«rt©«fl[«)iB©¥^) ©i?tt* J 

Bitr* K) . ^I>J*5it U C £ . 

[2] G*5?|#±lftt»K:^b-r4C£„ 

[0012] EP*>. ?|*±lftf «cG*St{bS-e4BE3 
B. ^S©S5©^{b(cJ:^^-c^>^©^b, JWtf 
£t-$©tBM(4S©^{bK:<fc-Slfe^-7>^©^{b. K 

*©jt©^fctt £* s * k> , -e©*ea • *lJ^al^iHet , ^> 

[0013] */c, figgiiaVBftlJWoJ^)fe^^7^-$ 
-C*-5©tc>Ptb, G©f¥fifc<£o*^i'J«HH'r-;&i9. *^ 
40 ottWtc^ib-T-S. *©/cas6. C ©»!»©£#«)&£* 
KB. ^«Ct«TeK3&J*«tt< $ti*. o*ij, ftf* 
Wfes9^"5J«6fe^< 5 ^ - ^ tmm: £ L T © G £ ©PbJ©P 
»*»^8»tt*:a!>. SeR-T-5)fc«>©A««j*a38«l86*» 

■mftu. -a-h7;i/ttsg*s»p>ns£3ti-5 

v/G©fiiK:ot,j-cfe. W55SMK: t fc41 : BaB2{S«:^ 

l. ^FSts^fiir*-2)£-r6#As. 

[0014] #P9^F 1 1 - 1 9 9 3 8 6-^<2:$g («T. 
r<&»]Wf^2j £t^„ ) CCB. i*-hv;l/ttffl© 

so ft) bx*^(cbsk-c*4£#^.. eatf^e/htt 



(4) 

5 

[0 0 15] [a] Srt(D^G^3°C/mr*SI"CS)0, 
G edgeiG centerfal^l.O TJ/mm*88*C*4 C <h (fr 
*>\ G edge&i> tefiffJEWJOtt^r^aS^JiBO^iSr* 
& e , Gcentertt, fta*/C#J<D||ll^l^iafi«JlB©¥^ 10 
-C&£ 0 V OSF close B\ 3l*±WaK*«d>S#T 

4. ) o 

[b] V£ V osrciose ± 0. 0 2 um/nrinKW« 
Ct 0 ¥*V*Vo5fci... ±0.01 rnm/nrin fcftjfflrri 
C<b. afetKC. 

[c] ®iSEnttI^Lr^M B B a cD?[^±^tf H©t* 

#2000G«±r**C£. 
[0016] CCX\ fi*nTOf©2 tCfcC^TG edge £ 20 
G center ffl*l. 0 °C/mm*?i i *T ^> C V£V 
05Fc1O5e ±0. 0 2mm/min^C$IJ^-r^C<b, ioJzZf^fy 
V^rVosFc n o 5B ± 0. 0 1 mm/mi n&CfMfflJ-r* C <t tt, 

is 3Mj^BtSft*s*o*«gfi«:«c s c <h t % mmw 

[0017] HK. 1 1 - 1 9 9 3 8 7#fi« 

(OT, r£yaTOT«j3j <H>5. ) n*. osFSPfe 
d*ttl^«^BJSB©«BS*ffi3W«*Snrt»4. CCD 30 

[0018] ^PS^ a CD?l^±^mi, GOfflftT- 
(D^it% (Onax-Gmin) /Gmin £*2 0 t£%> X 

^c«cit*0, ctxi>, &&TOt$ji KtEK<* ft 

C©£^JtT^3CC^^SftTl>5G<D 
ffittfi&JSflT (FEMAG) «:<fc»)*&e>tl/cfc©"C* 40 

«I^*(Z) i> <D**3BR<DIS» iSt J£ It ^4 2p £ 5 frf 

[0019] ifc. $£S3¥1 1 -79 88 9#&« <« 

J:5SIS±tf4C<b#»SiSftTl>4. 5 &» 

Gtt*$— ±&DG edgei G center£#0. 5 •C/mra 50 



^2 00 1 -2 6 1 49 5 
6 

t§2 o o 0^xt(±W^iri^ o 

[0 0 2 0 ] C<Dffi*<D&/cftftJitt> HffiWHOff^ 
4^Jtf«3<b|g«0ce«WB«f (FEMAG) 
C <h sMff ft CC G $m— -C fe^Ci ^r^ttT 4 *>W t?» ft 

i>cdt, Gtt, *olft»4itt*>ft6^c4, *S*r^j 

[0 0 2 1 ] 

f^sa^ieGi^iswcctijaTntf, moim<om»»n 
G«ffia©gi*±tf*cc^j^ 4aE<trs»wafc© 

[0022] ccdj: 9 cc. fltaautvaaiaraiiBtt^^ 

[0 0 2 3] f Lr, BBepI1l6«cA#KJtt^^^-*i 
[0 0 2 4] ^miltVLtVJ: *> ftWBci*tft3n 

[0 02 5] 

[0 02 6 ] t**W©K*SSi -fefeffiM<D£j& 
K»T*H«#BO^OlW- ] COJ:9ft*»Jl* 



7 

[0 02 7 ] CC-C. mfS.WM(OmW.i 
-> 'J n >BKR*JHfb LT->'J3 >*(5fi* JBSW 4RKC 
^©^^ft-SSi^"*?**). 12 5 (C^SftSJ: 5tC. 

4tt. fy=i>*|gfil 1 t->ya>S«l 

«l?®14(*. ±Kfl©tS^ (02 5 A) fc&ftW:. T 
K£i©it£ (I25B) l^Kiot 

*¥Kft£*&^ (02 5C) fc, i&fT^fCftSJ: 
5ft*§£- (02 5 D) fe&S. 

[0 02 8] ^L-T, CWJ^ftH^J?®©?^! 4<h 10 
~>';=i>I^l 3©2ftjfE£a!< W{£l<-C<,>£ 

c ©~> 33 >ia?& i 3 ©ftisSi i> 5 4> ©ttswsi-r & c £ 

#SpJtgftfc©-C femW«cS?SWffi©^tt 1 4 

[0029] xmim hK.&*> rmacm^titc^K. 
our, «fcDi$b<ms-rntf. ^©j^tcft*,, bp 

g (tt^^srtofi&sjE©^) ©^ffi*«a 
nr-^a'j*^b^©«, g#. s^in®©^©!^* 
!$K^W3fc&ft©T-*3„ for, @oti?ffi©7fMm 20 
II$^{<:SiiK3ci5;*ft£fctf>, m£ttffi.$-eiEL< : ¥' 
Ml* ft < "C «G©#?n"©^P§'J£iE5istfT 5 £1 <t «"C# ft 

>K<J:SG ©^iflfflffiW, ■jmtfiicm* & © <t ft S„ 
[0 03 0 ] C Cf mz.it, V/G©tb£ 0 . 20-0. 
2 2 mnf /"CminKPIS-r S i W3fiffi©l¥ffi^r^S 

Sii: $ ft r 1 »ft t> c i as A * ft m W i ft o r (, >fc © x * 
t^ctica^x. *t^jo^#fcfcG©ifffi^m\ 

gJfcTlitff g©V/Git©$IJffl)£ oJfiiK: LTl> £©-?£> 

[0 03 1 ] *fc. GU3l£±tf&ttnc£i]* i^{b-r-s 
itnftft&©-e«>$as. ?i#±if*tcG^{tsi±^sia 
tl/tlJ. ^©^©^{bKjtss&^^x©^. 
;u -y t - 3? ©f@*f{i§©^{t«: J: sgft^ 7 > *©^ 
fb. ^©^©^b^i'^W^Ci^-c^So Cft6 40 
#k<b-T£c£K:J:-3TG#^Si]-rs©tt. Cft*5»©^ 
•f bfc i-^tvya >sfi?S©?m*5^-fb u @^ffl©fl5 
ttas^fbT sa> e>f& £ <t 0-5 JS^k:*^^?, ntf* 

[0 03 2] Se-7T^WC«. S*»CH, -> n > 

[0 0 3 3 3 ^UC©fci!)KB, 02 6tC^$ft^«fc 
5 K . JSH 1 1 ©S 0 e H Wi 1 1 a K: fcW -5 @®J?ffi 1 50 



iftPJ 2001-261495 
8 

4©S3h (BP%. JSJI*4>©B&WM©ii5<*h) iL 

xmmztiz mmRwomz] t. tsai iowhi 
i b«:*jw5?i±tf^iS]©iaK^)i2<b^i:i»{cffiM-rs 

i^{C^-v hV r ->©»^f ^sS»*J*« (ft*>\ C 
fttCO^TW^^f^WClftH^f . 

[0034] tc — flaw ft c z£?©# ? h v-> 

©»2Wffi£». 02 7Cc^3ftSJ:5fc:, isVaisMffi. 

1 3 5:lT ! SU-re6[HlK-r-5-'U^!i<2 1 i. C<D)l>-y# 

2 i *an«i-r4fc-*-2 2t, ^yn^miRi 3*6 

rswmsji 1 1 ^(ommmmzmm-?2>mMm#2 3 
t. m B B i 1 ©ffi'j® 1 1 b©?asf3S*?f5fflijffitas 
im&m 2 4 i . i/ya >niK 1 3 tcmmzmtaT ztc 

#><DVVJ4 K2 6 i, ^^tf. 
[003 5] CCT, Iftill£ft2 3tt— IttWtCtt*-* 

mmrzcticzi-cmzg.i immi 1 b©asii 
1 *BX0H^sasftrt>sffiirasgpss^©2 4 

B. t>-=j — 1> t - £ -ft £©«ffiWtc$8&!8l>«M& 
Srtf ^8PWr«fiS3ftS. */c> t-$-2 2«, 02 
7K:^Sft-5>J:5K:. K t-^-2 2 a <h 

#h A t - 5f- 2 2 b i36>6«RSSti*. 
[0 0 3 6] -eur, *^IB©^*-rSfc«t>©t"J n 
>ffl!«©*fSfc©*>Jep • PS. o^r«H^w®©iS$ 

( 0 2 6 © h ) ©W® • mmt , ^{4B$p H 1 * r) ©;u 

^©@«». *ti^ia*fc»)©afiiiirtBR % MoftcsBitB 
©Enfinso*EPfin$ ftfc®it©^a©ps?r-r 5 citcj; 

[0 03 7 ] ftfc\ -flaW(c«. *ffi«m*ft:«3©^*> 

sP©iHiR»oflwin. ^&^ra*)fc»)©itsa0e»©is 

a*ff5?tat>«:tt. H*Uiffi©i»s©±»«:^-5r. m 
M B e a 1 1 ©WJffl 1 1 b ©SK£Jie£*s* < tM<S*i* 

[0038] m&wmmm. wsamv&Bix.^ 

r©S£*©^] CCT, @?£J?ffi©Jfctfc©©HSJ. i^U 

r«^< J54ft6ft-ci,>fti,>„ c©citcoi,^-cm'S.-rft 

tf. ^ft«tiT©J:^«:ft?,„ 

[0 0 3 9 ] S r. 2 aOffitofllf^BJ 3 Kfc 

1>TB. G (tt^lSKOflSfirtOfia^JE© 5 ! 1 ^) ©fPlfi 
IrFEMAG (F.Oupret, P.Nicodeme, Y Ryckmans, 
P.VVduters, and M. 3. Crochet, Int. J. Heat Mass T 
ransfer, 33 1849 (1930) ) ft «fc -3"C?T -oXl<>Z> 0 ^r<D 

ZstmLtcOft-xib n . I4^it©^«^$ tir «,» 
ftc^ L-^uft*s6. mircmwotcji'yic* Gizmm.tc 
i*iMe£«zacc^<^ig$ft.sfe©-c*-s/c*. c©^ 



(6) 



[0040] se^r , «e>cD^tcffli^c^(DS a B a «: 

[ o o 4 n * or c co*f»ra\ fiftWf ft i ^££DfU io 
ff«4K:«5«9!«:te(r>rfeR«r*0, MSafSE-MI 

«^TO$tt^J:*G^cDfij»^^<*a[snrt^i» 
*\ ^i^BiiRWtc^asnri^&c^^&feor** 

«FflFi!*o«sHrfg nr osg & justice t ^ 

5R©ffiHr^3tiri*4V. V/GCCp^U/ciLr 
& e 20 #] 

[0 04 2] cojSl mtf^flWtfticctevrfe, 
ifi# SI H W cc ft 5 ft r I > ft sft> o /c ft: tf> cc , C & c ^ $ ft 

rc>4jn^cBttft©«jaWtt. /ct/c^sau/c^^ii 

Ltl^fcO-Cttaii. S/c, B*J*ffi*ifcMl5£3*i 
ft^WRrflWRJfir * 5ct*e>, ^l%*£B H BgB§<DJ& 
ttWco^r & . * c *c«^»&e*fe*>tt 9 ft 
rc»*4i»^c <tccfc£<c>rs>&o 

[0 04 3] H^OC, ^M^P 1 0-3 30 7 1 3^(S 30 

B % V/G #0. 1 6 — 0. 1 8mm 2 /C min ti-jt, G 
edge / Gcenter CDtb* 1 . 10 & C 4t*4^ 

c©*W*fflWLfc^rttMiB^ccoiir*fttaf 
[0 044] [4»«<DJKai *fW*6©W»«: «t 

TOO K - 1685 K~l. 78 X+ a X (X-400) 1 
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CCDH-oCDSJR^SBESftfttf, SbKDSS 
SKM«-i^S*?) 0 fCt*Sitlt Cft 6 

[0045] <mm&m<Dffitt>mwiffls<DBmz. hi 

^ bStf&^-X-* ©SIMP &c<£ 0 ffiSKSUffiJ 
fgr&£ Q 

[0 04 6 ] ^cr, H*lfffiOjeKi 
[0 047 ] Sf, H^ffiO^iGcbOM^OCO^ 

tfflW8ff«cJ;orssLfc. 0 ltt, osf»;>w 

<fc5&ifii»JsSfi»a[«:*$iirtt, -i&&cB«W®<D{£g 
9 (Sli^CC, a2 6BOi«»ffil4«: 
■J®) • ■HWfcO&ttS**, »JK»«a>ttia«:J:or 

[0 04 8] 02&C^3ft€><fc^tC, 0 1 <P0tK 

£Ktc L r H«»ffi»R* * % - ><b L , iKSWTO 
B*^ffi©W3 iteSO^JSJS^BiRlfEiSS <t<DM 
(«T, rHJK^ffiOiiSS J ) -2 0mm 

6 + 2 0 rim * X\ 5 mmfflPBr Sit S 1±^<EBI?ffl3^ 

rBi£Wffi<DiS£j ^o^r«, *ft*«SCWCcBlwr 
ft« v 02 6tc^3ft£<fc5CC, esi 1©*SA*^« 
1 1 aJCfcl^illfffil 4<D]SSh t LrJBSSft 
4) o 

[0049] <m»mm<ossL^>m&mm<DM&^ 
^utt ^e^w^m^eft^ft^teBifflj® 
j^^*^*->lburH3K:svrj:5aiafl[^* 
g^u/c (&*5. rsaffliBj t^sora. a 2 etc?* 

3ft£*SAl 1 Oil 1 1 b<DC<t£-g5) o 

ta^Lfciaffi^* too ^csc ( i ) r^x./c 0 

[0 0 5 0] 

[«1 ] 

^ (1) 



[0 05 1 ] c©s:«:fctf SBiKS*ffir©SS«)iB». 
G 0 =- (dT(X) /dX) x-oitSi. Go =1.78 

+1.6 x io 5 ar^sns. -ecr*a<0S3t«:j:»). 

MBM<OCo ©tt*1.5 ^5 5.0 °C/mm $r\ 0.5 "C/mm 
(DPBlPBr-^x/c. teS©fi3». 400mm (D RISiL, 
SAitS« 210 mn i Utc. 50 



[00 5 2 1 S4H B^SffiO]S$^mi6<bL, *£el 

uwramoGB, cosiftrajsrs) *tt»*iote 

^©ISA*4>©G©^iW«*inLfct©"Cft*. 
[005 3] <B^WSCD^§ tteaffllBfc iCfttS* 



11 

M,ip>bt fete. 1 3 5 0 -CS-CcDSg^ig?:^ 

[0 0 5 4] CCDft^JS^SCC. *£,H©?t-ffliJffi©&Jg 
£Ji2G tt£ik<P ^©vSS^SEt ©J££if£UJ l/fc&©£IS 
5&C^T. C©S5(C^§n-5. c fc'5K: > |gg©?HMa© 
jaS«Jl2G <»: *SH^l>©2Sg£J@e £ ©it# 1 tcifi < , *> 
oG^-rfe B> iMJ?M©JfMK&c J: -cgfb 

B, 3 * 5 i«t< 5 « # &ffliJffi©SK£Ji2£ 

[0055] iC5"C, ^ffPrtf^4 tB, @®J?M© 
JtMfcWfrC * S £ £ «C G &%J— t ft & £ L- T H S ** , ■ 
C©ftlMSS (H5) *#M-r*£. *tifcttSSWffi© 

5Ci*i«. gfc, c©ft4MS»*#Jlltt-5c£«:J: 
o-c. B?£J?®©^;*h#i©(,>ig-&(cB > iSSa^iHt? 

[0 05 6 ] <^HBIg»*s»6tiS*fr> C©«t 5 ft 
m&Titc. HMWffi©*!* (H2 6©h) B, 



(7) «fP3 2001-261495 

12 

* *ttB$H*fc») ©;t^Ji<©iaiE». #fl»#nn*fc »>©*§ 

Lit. itc. teawjs (H2 6© 1 1 b) ©sasjie 

B. tSaSROBtriftgifitt (mtf. ^2 7©^ig® 
#2 3) ©?ga*>?>©iSS«:J:0PISL./<:. 
[0 0 57 ] Sfc. H«»ffi©*Stt. #Sft©5l*±lf 
«. -fS a B a W4$tfSJ*(6]ic^a^WBfL'-C««©1f>7- 

io [0058] *§mira©ag^ji5B. *g^&«w«:«fc 

Btigp-C, Ms£fiaiWKWecj:4G©iWaWJ. n 
if^Ci^T*fc. L^U-eftB, Hffil?MfitS 

ttB?S?t>. 

[0 0 5 9] MSB:ffi2 1 0mm. )lV#mMZ 2 -i 
20 ffi©G©&^«#^*>tt«:«J:S$'aB«©*M&©Ktt* 
fc. -eOT^ *§fi©&<MK:bWSfcB«©*H&*. Se 

CCO «£ CflRAHI%©XMl h#^77, ^ U 

[0060] 
[*1 ] 



**** 










-5. 7 nun 


2. 1 tVmm 






+7. 0 mm 


2. 7 < C/ram 


2000 


®8 


+14. 7 mm 


2. 82 «C/mm 


3000 



[0 0 6 1 ] «±® 3 o©gStCOCi t(Dff 

S4 ort««*iSft©^^©ti«iL/ytt#a>^B 

[0 0 6 2 ] ^?Bfia<Df#6tiSfltSaKI5H«, « 
5*r44<OSF «« 4 4 ©»»ilffi©¥ 

S*[SjCCfeW-5«(Biifl[ v osf ,min tm^MWMtti 

S V dis.max 4<Drar*£o C<D«fc 5 CCjgSSft/cV o 40 
sf, min 4 V dis, max**, B7 Rtf 0 8 4>KfflUllT?*S 

[0 0 6 3] C CT\ AV = V osf , min- V dis.max <h 
5CitCtt«5. ^LtM^:, V osf,min £ V dis,max<D 

W« v#*«r<tt*«ifffla«c*isa*3l*±w r &c 



s « t**jKttec«ti S 4 1 >5 C £ cc ft ^> . 
[0 0 64] H9tt. HJBE»B©*S*«*I4L. *§b b b 

<D«J8H^SP^ (AV> 0.01 rmi/min)Q®HT'|gfe£-r ^ 

[0 0 6 5 ] — BlOfctt, HatWffiOiffS 
4 0, ^SfflO®©G*«Stt4b/ci&&<DV osf.min t V 
dis.maxO^fit VCD^^4^:L//c 0 H9*J<fcCn 0 

«4*Wil-CJ)ll^Hlga*«5l#±lf 6tiS4l» 5 C 4#fi¥ 

[0066] <se*o»iai*«w#6«c J: of#en/c 



(8) 
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— 14© US? ft^ff <t J»$tfB«fi ©f# & n & t 
MHOfiS[^lB^®iaS*JlS<t&5*fr (JBTF, Steffi 

[0 0 6 7 ] je«c» fie*(D»mr«, mxkisaa^ja 

4<U>n^(051f& (V.V. Voronkov, J. Crystal G 10 
rcwth.Volume 59, page 625, 1982 ) ^CiO, SLUt 

[0 0 68] U*>l,tt#6*©— V/GCDESWffi^c 

[0 0 69 ] fCt, ^6 ,7 ,8CC^bfcWC-'Pt,>T, 20 

[0 0 7 0] -ecDMS^ria 11,12,13 tC^To 0*> 
6, v/c HjKl^fflOlSStcJ: 

v/g m^vbv&mtirzti* #jb*. 
[0071] cct\ ^aWf^Hc^ofg^-^n/cv/ 30 

£-©^1 1 ©ffiKlffl^O/c. -ei/T, B|6«:*5iriT"?x 

<D£T#^P6r*£± 5 tefiJfTf £©te^raiir* 
[0 07 2 ] <^a>37lii$^>I$SW 

t^tc<fcoTBgi?© v/g 3&«a^fc-rs<tii53B*tt, 

[0 0 7 3 ] *'o>3 7ii(Cj:nil >";a>©@v£ 

&<h#x.£ e fur, •■r©t«flHW*«fflBs/ | j3 
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[0 0 7 4]^a>37^ r.^- r ^KctfcjgifrS 
as^##*^© v/G &Cj:DfBi$£ft£C<t£2StBL 

[007 5]o^i HSWffitf^fflrtt^tB^fctt. 

tta©**«^©»-T-IB^ 'J ^ XDiftJB, S /cttJSJI© 
W^MDttR i t» -3 0 £ i * 

v/g tt v H«^ffiOJ^K«:«c#-r 

[0 07 6 ] [«88©HS%] feLh©J:9a:Ci*»*A 
[0077] (1) czfficcio-cs/y 

[0 0 7 8 ] ttfc, *«M©*K«:jH6#«, rczs 
w^ti/ya >h*»^ 6 5^ y 3 >#JSfl* 5 1 fir ±tf s 

«'*«urj^lBIS»*iaw-**ffi. J So* rczffi 
cc <t ^ r y a 6 ^ y a ? I * ±tf ^> 

IS»tWt-r**ffi. J BJbE ( 1 ) © 
[0 0 7 9 ] (2) CZ^tC<tor^y=i>»SE^6 

2/y=i>*IS»«l#±tf&ci«:J:or2/y3>-f > 
=fy h*«aw**ttT*or, OTB^ya^WKtur 
iev y n >^a©5W-c**H«»ffi©»tt<fc . Iuib 
> y 3 >#tes©teSffifM(DajS4»ffi & , ^ist ^> c 
i(Cct-or«^BffliS*#tf^y n>-/>=f ^ h*Si£ 

[0 0 8 0 ] ( 3 ) HUlBHiRIf ffi<DJBtt<D3Bltt. ^ 



15 

n 3 tp<b<Dmm.wffi<Dn s £p^r a c t k <t ^ x m\ 

aW38|S©5 I #±tf #iSj©fitt«JE*WKT £ C £ tc J: 
^rtf^Ci^r^i-r^ (2) SB»©#ffi. 
[0 0 8 1 ] ( 4 ) BJiEiBa^^OBS^ffi^iKS * 
l0mm«±it5C4t1S»ifS (3)lBt£CD^ 

So 

[0 0 8 2] (5) tnetiA4i£^>BKIf90lK30 

ra^>/c o (dihbkrosik, sonaiB^ y a >#sa<D# 

[0 0 8 3] (6) «JtefflW©3jffl[*2 5 0 0^^ 

^iirsct^wai-r* (5) ia«go*ffio 

[0 0 8 4] (7) CZS«:J:otVV3yi»^ 

si* &*>\ rH?s^ffl©sa^ap^©iissj 

[0 08 5 ] (8) CZiSKJc-oTV; 3>I4ffi^6 

nx is y n >i£*sg * s i * ±tf & c t *4*« t *r -5 s/ y 

[0 08 6 ] (IL. CCD^H»v JB*iUr, 

(i) (in) t»r*w^o>JWt«l*±tf*frTr# 

*§a£3 i #±ftf < c 

[0 08 7 ] (I) ifeS<Dg|*±tfafi%VCran/hrin) 
£ l, j/ ij n>(D]H^>5 1 3 0 0 m C<Dfig<DWjfy<Dm 
art ©iSS«lEOT^% G CC/mm) ib/ci^, V/CCa 
Sft^tb^O. 2 0-0. 2 2mm 2 /°Cmin£&£<i: ; 5&C 

[0 0 8 8 ] (II) ®rt (D¥#5G# 3 °C/mrT*Slr^> 

GedqeiGcenterf H Wl.O 0 C/rrar*«t'^l)C 
V2r V osFdo.e ±0.02 mm/min KfMffiJT* C £ , 
¥^V£V OSFCl9je ±0.01 mm/min &C$fJ®T 4 
3K«C, *™»r*<D»^S*2000G«±©SS»EP 
JJD^r-r^Ci (ft**, G edqeti* Safl«M©«l#|SJiB 
fi^JiBCD^-C**. . G center^ Sa*^ffilJ©«l* 
|Sj?aS*Jffi<D^r-*S, V OSF close 3l#±tfSI 
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[0 0 8 9] (III) V (mm/min) ttfSSO 
3l#±tfil«, G CC/mm) n 6 1 3 

5 0 e C*r©fiK®H^fc^4?l#±Cff*^(Dif5llrt 
jaS^JieO^ffl, Gouter^aO^fMS^fe^^G 
fit. GcenZertZm^'toCteV&GmT&ZtlsX. & 

a*^fea<bjga^srcDfiirsiopacDV/Gffl= 

0. 16 — 0. 18mm 2 /'C-mi nil, Gouter 
/Gcenter^ 1.10 £T£C<t 0 
[0 0 9 0 ] CCT, 09<D^T*7nStl^Ii^tCBa 

h tern 9 ©*b»w -ess s titcmmfttz a& cfc ^ ioww-r 

S<D#, iW^LK v'y *>J>zfy h^L 

1 oo^-frfc^astis. &*>\ — «wtt*wwi«: 

[0 09 1] (9) 0.40 rrm/mint(±CD5IS (M^C 
20 « % 0.45 mm/mi ntUiOilg) l*±tf 6ftTMjt$ 

ftfc*RXK*8a. «^B*sa«, #*u<ttffiB»aiB$s 

^fiSg^O. 56—0.49 mm/min^CS^^Cifer^^. 
[0 0 9 2] (10) «5 x^xffirtCD^^^PS^M 

*) «± (J:f3»^b<«, 7 0%«±) #«E^*PS 

2 0 0mm«J:CD->y n>^>rf * ho CCD<fc5&lEffi 

ar ^ c i « % s»^jc» *«j^Reao«jfi*js-c 

[0 0 9 3] (11) JMSUT«JSStifc5*K± 
(<t^»^b<«. 1 0*«±) CD->yn>^>rf^ h 

(«tO»*Lr<tt, 5 5%«±) |?a-r4Pti2 0 0m 

40 mjy_t<D^y 3>>r >=f y KD**c*jaEstiri^s^y 

[0 0 94 ] «£5^*«C«S«^»*6a©«Jfi*ffi"C 

SfitSJ: 5 ft^Pflf y ^ > -f >=f ^ h 

[0 09 5 ] (12) aBR«a[* J 2 4p P maWT^ ^ 
x^Wft<D±»&mXWj:mfflfi 40% (i/'jaW> 
50 rf^ h±««c*t-ra*S©Jt*> 6Lh?MEr 0 
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0mm«±<D->';:3 W>rf* K 
[0 09 6 1 4*5, ±fiBC-8 3 W>=f? hSBS 

[0 0 9 7 ] (13) CZffilCiot^ya^BlS^ 
6>> y n >«a H B ^?i ^ c i^c J: o r a > ^ 

E±> 3WH9<D«Hft % C*3nfc«i*Cc|||-J-SJ:5«:RS io 
[0 09 8 ] ttc. ^<D-B£UT k 

M^L, a^OliMSl^^iffi t ^ c i J: o 

[0 09 9 ] (14) czstci^t^y 3>B«* 
6 */ ij n >#sBfi«r? I #± tf£ fc: o T , iufS^ U ^ 

f h C t «* o r^B3l*^J6a>fc«>©»i8ftfl=** 

[0 1 0 0 ] < (9)^(1 2)<bffi3l^ffi>£x^Hrt<D 

M.Hourai, H.Nishikawa, T.Tanaka, S.Umeno, E.As 
ayama, T.Nomachi, G.Kellty, "Semiconducter Silico 
n" Electrochemical Society Proceedings FV 98-1, 30 
1998, p453 (J£TF\ fiJalWrttS) ccfc^r. 6-/>* 
(150mm) <D*SS«:'^*C£fi<D7 3% ({MU SI 

J.G.Park, G.S.Lee, J.M.Park, S.M.Chou, H.K.Chung, 
"Defect in Silicon III" Electrochemical Societ 
y Proceedings FV 99-1, 1999 p324 (£TF\ fifcnffiT 
^96) tC«, 200tmi -f >=f* *SS±fil20a mm <D 

ft, 600mm (BPft, M^5 0%) #*Rfc»-T?*S*>© 
a*C*fc il>5C4 3 n*r 1>S . 40 

[0101] JJB ( 1 0) (D rox;«(7)^ 

$$?Z>&Z<Ditm) K± (J:^)»^b<^ 7 0%K( 
±) #aE-r&D&2 0 0mmfe(±©y y n W >^ 

[0102] i/c. fiflfPJt7«6©*ffiK:J:*itf. 2x 

±13 ( 1 1 ) © rjigfcurl8SSft*:5*K 50 
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±(<£D»£l/<te, 1 0*fil±) 0->y nW>=f? 

% (S/iJ=iW>:** h^fiCCjRf-TiftSOtt*) «± 
(J:0*TSU<», 5 5%tl±)#atl>PS2 0 0m 
m«±0^y nW>rf * KD^rSlJSS *vCl>2r> 'J 

[0 1 0 3 ] ±fBO^Wf^5Rc^6CC^^r 
fe, ^T«S^2 4ppmaWTOfe(DttH>S3nrC^j:Ci 
fc». ±IB (1 2) CD rBBRiitt*$2 4ppma«Tt\ •> 

[010414C *>T\ ±E©3«n : F«T«»6 teto^Ttt 

*ss<d? i * ±if jsa «c o c > t (DiBa^mt u & t > & 

3ffHJtT$55 &Ui0.40 mm/mint?*ga*5l*±tf i C 

0.40 rrm/minr?l^±tf 6tl&Bfi»6^>^ (15 0m 
m) CD&<DT'£>oT 2 0 0 mmCDfeCDrii^C^ £/c, 
4^QWf «94iC«0. 55 irm/min<D*S H ^g l±tf Sffr j)8XB 

v h&MMZtLtctltt~etetj:l\ Ctltt, 0.53mm/min 

cd^b h b? I±if »arr*R^I6««*sjgSc3 tifc c ± 

LTl^M.Iida, W.Kusaki, M.Tamatsuka, E.Iino, 
M.Kimura, S.Muraoka, "Defectin Silicon III" E 

lectrochemical Society Proceedings FV 99-1, 1999 

D499 (fiWJtfft?) tcoiirfel^lfilr**. 
[0105] ffi^t, ±IB (9 ) <D To. 40 mm/mint(± 

cDilS (HtC«, 0.45 mm/mintl±(DjIS) r5l*±tf 

[0106] j&*5, fe^BSiea <^±tes) ito© 

^P(£M)^B. MffcReWBStffiCOSF ; Oxi 
dation Induced Stacking Fault). J5lU$£{iL2 5 7^ 

Jl^Ffi(0 S F ; Oxidation Induced Stacking Faul 

t), RV&iiL??x*<D\,^nbU&UU^mM<DCt 

io i o 7 1 *fc. mmnw&vi<Dmmz, mamm> 

C£#-e#£— tSafflJBB<D«Wraj»a[^JE (G) 

(owmt. tmm&t^ y 33 >K?s<DPa©isgt©P3S. 
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5 1 # ± Vf h ft r I M M m t £ Z> - =y — b - * - 
[0108] 

lex*). mx$&ifegk't)mhft2> e *§awjB<&fiffi£«5te 



(ll) #532 0 0 1 -2 6 1 49 5 

20 

a i 4 , i 5 , i 6tc, *ft*ft&{&nm*>it*)<D&&m 

[0110] Bffilfffl<WS3tt* Stefan *fri*ton 

10 s»^^>^a: era (2) ) ^os^E^n*^*. 

[0111] 
[8*2] 



L p V = Kl Gl-Ks Gs - 5£ (2) 

fc*5±tHM<0*&e3M^ Gl, Gs lifttfcfc J;tm^^?i^^E-efc J 5c 



[0 112] W&Wm^Z. x*;V^<^>X±, ±5£ 

[0113] tt»EWE»0±»«, ISaiHllEKiiaBtiK 
ffittiSKjft-?** Gl *i#jH]Si±*fc*B$lfffi<iiH© 

feanBsccssia s ns^©^^8jit & /c^^a© 

^g£JI5Gi jWtinu B**ffl©±»**B<. W±© 

[0114] [^wccas^BttaowflgfefriK 40 

(step 1) @9, 10^#MUt, BFfSOJ&fi 

(step 2) m^&mmffite^ v , ^oss^bWs 
©g*»**? ^->«rt*SH&rs. [0118] 

(Step 3) (Step 2) X'ftMUtc hV r -> fc [«2J 



(step 4) SlftitffcftJftilBBSWlfcttlRl/, XB* 

(Step 5) (Step 4) r©W«tt**B9iC#]RU 
Bffi^ffl©i*3SyteSWJffl©G*aiE&t5HCciH 

sprs*a*i»c, sjs (step 3) *ff ^ 0 

[0 115] BfKHtBOWSSWfi-rS^aiOTtt, 
[0116] 

[0117] tSSiSS 210 mm. ^7#Ii2 2 -f >^ 
teamffi<Z)GCD^©ffl^t>#K: <fc &XK&.<D&G<D 

secco X9*>y*j«tcfl»«iaiaa)xah#y77 



(12) 
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1 6 (Dtit& 
17 



a 8 



—5. 7 nun 



+7.0 mm 



+14.7 



2.1 tS/am 



2. 7 tVum 



2. 82 , C/gim 



2000 

Tk^tt^ 3000 #9* 



[0119] mm&mZ* 24^^32 ppma ( OLD AST 
M, F 121-79) T'&So B6,7,8tt. ««l*J&Biifi[ 

[0120] «R^i83ea©f#e)tisffifiiiSffiH«, os 



AV 
31 



10 



*T*$>S 0 AV = V osf ,min-V dis.max £ Ltctg, 

%±tfm&<Dnmu& av <t&o. *n^t<&5 

te£Xit£j^CiSU Vosf .rrrin t V dis ,maxCD3^fii 

[0121] 
[313] 



g,6 Qftj* 



g 7 ojgj| 
jj 5 (Qj&MT 



Y osf, rain 



0. 320 mm/min 



0. 462 ram/min 



Q r 482 tnm/min 



V die, max 



0. 317 mm/min 



0. 460 mm/min 



0. 452 mm/min 



0. 003 mm/min 



0. 002 mm/min 



0.030 mm/min 



[0122] c ©«ft|»&Kfcfttfg**ia 9 , 1 0 (C 

<D*4«©4 1 ^fc^*^>^8P(AV> 0.01 mm/min) 

[0123] s/c, h 1 0 oca, s^soiss^aifft 

iO, 3eaffM<DG%«iltt<bL/ciii^©V osf,min <t V 
dis,max(D^fiiV<D^iS^7n5nri>€>o H9*5<fc 

«S. 

[0124] B[9Cr>M«SP^Sti4@SEI*ffi©a3te 30 

[0125] HjSlfffiOiBSOfflB&ai OtB, H 1 
4,1 5 ,1 6ttWn-T6J:5K:. #te^lffl*te0©|g* 

#W-*Ci*W*. 40 
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* NOTICES * 
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damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 
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CLAIMS 

[Claim(s)] 

[Claim 1]How to manufacture a defect-free crystal in consideration of shape of a solid-liquid 
interface of said silicon melt and said silicon single crystal in pulling up a silicon single crystal 
from silicon melt by a CZ process. 

[Claim 2]How to manufacture a silicon ingot by pulling up a silicon single crystal from silicon 
melt by a CZ process characterized by comprising the following 

Shape of a solid-liquid interface which is a boundary of said silicon melt and said silicon single 
crystal. 

Temperature distribution of the crystal side of said silicon single crystal. 
It is a defect-free field by adjusting. 

[Claim 3]A method of performing adjustment of shape of said solid-liquid interface by adjusting 
height of a solid-liquid interface of a crystal center, and performing adjustment of temperature 
distribution of the crystal side of said silicon single crystal by adjusting a temperature gradient 
of the raising direction of a crystal peripheral part according to claim 2. 
[Claim 4]A method of height of a solid-liquid interface of said crystal center being not less than 
10 mm according to claim 3. 

[Claim 5]Adjustment of intensity of a magnetic field where adjustment of height of a solid-liquid 
interface of said crystal center is impressed to said silicon melt, A method of carrying out by 
one or more things chosen from a group which consists of adjustment of number of rotations 
per unit time of a crucible which stores said silicon melt, and adjustment of number of rotations 
per unit time of said silicon single crystal according to claim 3. 

[Claim 6]A method of intensity of said magnetic field being 2500 gauss or more according to 
claim 5. 

[Claim 7]How to raise productive efficiency of a defect-free crystal by in pulling up a silicon 
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single crystal from silicon melt by a CZ process, height of a crystal center portion of a solid- 
liquid interface of said silicon melt and said silicon single crystal being not less than 10 mm, 
and gathering raising speed of a silicon single crystal. 

[Claim 8]By pulling up a silicon single crystal from silicon melt by a CZ process, are a silicon 
ingot a device to manufacture and Height of a solid-liquid interface of a crystal center portion of 
a solid-liquid interface of said silicon melt and said silicon single crystal, A silicon ingot 
manufacturing installation being set up so that a temperature gradient of the crystal side of 
said silicon single crystal and ** may belong to a field shown with a slash of drawing 9 , and 
pulling up a silicon single crystal. However, this device removes a case where a single crystal 
is pulled up from following (I) under single crystal raising conditions of one of (lll)s as a result. 

(I) When you set raising speed of a crystal to V (mm/min) and you set an average of a 
temperature gradient in a crystal of shaft orientations between 1300 ** to G (**/mm) from the 
melting point of silicon, control so that a ratio expressed with V/G serves as 0.20-0.22- 

2 

mm /**min. 

(II) An average of G within a field is less than 3 **/mm, and between Gedge and Gcenter is 
less than 1.0 **/mm, V is controlled to V QSFc|ose **0.02 mm/min, The magnetic field intensity 

carries out [ controlling an average of V to v 0 sFciose** 0 01 mm/min ' and I magnetic field 
impression beyond 2000G in a horizontal magnetic field (in addition, G edge is the average of 
a shaft-orientations temperature gradient by the side of the crystal side.). G center is the 
average of a shaft-orientations temperature gradient by the side of a crystal center. V OSF 
close is a raising speed at which an OSF ring disappears, when decreasing raising speed. . 
V (mm/min) (III) - raising speed of a single crystal, and average value of crystal internal 
temperature degree inclination of raising shaft orientations [ in / in G (**/mm) / a temperature 
requirement from a silicon melting point to 1350 ** ]. Gouter should set to V/G value =0.16- 

0.18-mm 2 /** and min between a crystal center position and a position to a crystal periphery, 
and should be set to Gouter/Gcenter<=1.10 noting that G value in lateral surface of a crystal 
and Gcenter are the G value in a crystal center. 

[Claim 9]0.40 A defect-free crystal which could pull up speed more than mm/min and was 
manufactured. 

[Claim 10]A silicon ingot with a caliber of not less than 200 mm in which a field defect-free in 
the whole inside of a wafer surface exists more than 55% (ratio of length to a silicon ingot 
overall length). 

[Claim 1 1]A silicon ingot group which are five or more silicon ingot groups manufactured 
continuously and by which the whole inside of a wafer surface is constituted only from a silicon 
ingot with a caliber of not less than 200 mm in which a defect-free field exists more than 50% 
(ratio of length to a silicon ingot overall length). 



http://www4.ipdl.inpit.go.jp/cgi-bin/ta 5/28/2008 



JP,2001-261495,A [CLAIMS] 



Page 3 of 3 



[Claim 12]A silicon ingot with a caliber of not less than 200 mm in which a field defect-free in 
the whole inside of a wafer surface exists by 24 or less ppma more than 40% (ratio of length to 
a silicon ingot overall length) in an oxygen density. 

[Claim 13]By pulling up a silicon single crystal from silicon melt by a CZ process, are a silicon 
ingot the method of manufacturing and Height of a solid-liquid interface of a crystal center 
portion of a solid-liquid interface of said silicon melt and said silicon single crystal, A silicon 
ingot manufacturing method being set up so that a temperature gradient of the crystal side of 
said silicon single crystal and ** may belong to a field shown with a slash of drawing 9 , and 
pulling up a silicon single crystal. 

[Claim 14]How to derive an optimal condition for defect-free crystal production by pursuing 
shape of a solid-liquid interface of said silicon melt and said silicon single crystal in pulling up a 
silicon single crystal from silicon melt by a CZ process. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the silicon single crystal manufactured by the 
manufacturing method and the manufacturing method concerned of the defect-free crystal 
(defect-free silicon single crystal). 
[0002] 

[Description of the Prior Art]ln recent years, in connection with high integration and minuteness 
making of a semiconductor circuit, the demand about what a more nearly quality silicon wafer 
is provided for is increasing increasingly. And the demand of reduction of the crystal defect 
produced in the manufacturing process of a silicon single crystal in the form according to it is 
also becoming strong. 

[0003][The defect contained in a silicon crystal and its action] Here, generally, it is contained in 

a silicon crystal and it is thought that the crystal defects in connection with degradation of the 

characteristic of a device are the following three sorts of defects. 

[1] The void (cave) defect considered that the hole condensed and arose. 

[2] Oxidation induction stacking fault (OSF;Oxidation Induced Stacking Fault). 

[3] The dislocation cluster considered that the silicon between lattices condensed and arose. 

[0004]And it is known that the generating action of these defects will change with growing 

conditions as follows. 

[i] When a growth rate is quick, a silicon crystal becomes superfluous [ a hole ] and only a void 
defect generates it. 

[ii] And if a growth rate is subtracted from there, OSF will occur in ring shape near the 
periphery of a crystal, and it will become the structure where a void defect exists, inside the 
OSF section. 

[iii] If a growth rate is reduced further, the radius of ring shape OSF will decrease, a dislocation 
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cluster will produce it on the outside of the ring shape OSF section, and it will become the 
structure where a void defect exists, inside the OSF section. 

[iv] If a growth rate is furthermore reduced, it will become the structure which the dislocation 
cluster produced into the whole crystal. 

[0005]the above phenomena happen, in order that a crystal may change from an overhole 
state to the oversilicon state between lattices with reduction in a growth rate it thinks. 
It is understood that the change begins from the periphery side of a crystal. 

[0006] [Defect-free crystal (defect-free silicon single crystal)] As the beginning described, the 
demand of reduction of the crystal defect produced in the manufacturing process of a silicon 
single crystal is also becoming strong with improvement in a device property. And it carried out 
in order to respond to this, and the possibility of manufacture of a defect-free crystal (perfect 
crystal) was examined, and the method of manufacturing a defect-free silicon single crystal 
was proposed in JP, 8-33031 6,A (henceforth "the publicly known publication 1"). 
[0007]Here, having found out that the defect-free field containing neither of the three above- 
mentioned sorts of defects existed between the ring shape OSF section and a dislocation 
cluster generating region in the above-mentioned publicly known publication 1 is indicated. The 
defect-free field is understood noting that it corresponds to the transition region from an 
overhole state to the oversilicon state between lattices and corresponds to the neutral state 
which has not reached the excessive amount which generates any defect. 
[0008]lt is indicated that the publicly known publication 1 proposed the growing method which 
realizes this neutral state in the whole crystal. When the proposed method sets raising speed 
of a crystal to V (mm/min) and the average of the temperature gradient in the crystal of the 
shaft orientations between 1300 ** is set to G (*7mm) from the melting point of silicon, If it 

controls so that the ratio expressed with V/G serves as 0.20-0.22 mm /**min, and a crystal is 
pulled up, it is proposed that a neutral state is realizable in the whole crystal. 
[0009]By the way, if G is uniform radially, what is necessary will be just to control the raising 
speed V to 0.63**0.03 mm/min, for example at the time of G= 3.0 **/mm. And this is not 
industrially impossible. However, since this only means maximum-permissible width, it is not 
actually realistic. It is because G of say is not usually uniform radially, and allowable width will 
be a remarkable small thing when change has arisen in G. For example, allowable width will 
be zero when change by the radial direction of G reaches to 10%. This means that 
manufacture of a defect-free crystal (perfect crystal) becomes impossible substantially due to 
the homogeneous fall with slight G. 

[001 0]lf it says, since it is not uniform, as for G, it may usually fully happen radially that change 
by the radial direction of G reaches to 10%. Even if pull up velocity, a heater output, etc. are 
made the same and it pulls up a crystal from this by the method proposed with the publicly 
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known publication 1 , manufacture of the defect-free crystal cannot but become very unstable 
so that it may say that a defect-free crystal is occasionally obtained and it occasionally is not 
obtained. 

[001 1]There are the following problems of two points in the proposal of the publicly known 
publication 1 . 

[1] Evaluation of G (average of the temperature gradient in the crystal of shaft orientations) is 

difficult, and prediction is difficult. 

[2] G should pull up and change to inside. 

[0012]That is, the factor which changes G during raising has change of the heat balance by 
change of the length of a crystal, change of the heat balance by change of the relative position 
of a crucible and a heater, change of the quantity of melt, etc., and its grasp and control are 
difficult. 

[0013]As for evaluation and prediction of G, the growth rate V changes dynamically difficult to 
being a controllable parameter. Therefore, in concrete implementation of this invention, great 
trial and error are obliged. That is, since the relation between the parameter in which concrete 
setting out is possible, and G as a result is indefinite, the concrete means for realizing is not 
clear. Also about the value of V/G supposed that a neutral state is acquired, the difference by a 
research institution reaches also twice and can be referred to as being an indefinite value. 
[0014]ln JP,11-199386,A (henceforth "the publicly known publication 2"). Although it permits 
that manufacturing a crystal so that it may be only in a neutral state (the method of the publicly 
known publication 1) thinks that it is difficult, and it leaves the OSF section industrially only to a 
minimum crystal center field, having proposed the manufacturing method of the near crystal 
defect-free substantially is indicated. Although it was thought that the manufacturing conditions 
from which such a state is acquired were prescribed to the publicly known publication 2 by 
V/G, the following is proposed as conditions for putting the whole crystal into the field. 
[0015][a] An average of G within a field is less than 3 **/mm, and between G edge and G 
center is less than 1.0 **/mm (in addition, G edge is the average of the shaft-orientations 
temperature gradient by the side of the crystal side.). Gcenter is the average of the shaft- 
orientations temperature gradient by the side of a crystal center. V OSF close is a raising 
speed at which an OSF ring disappears, when decreasing raising speed. . 

[b] Control V to V^ oc . . **0.02 mm/min. Control an average of V to V_ oc . **0.01 mm/min. 
1 J OSFclose OSFclose 

And [c] magnetic field impression is carried out, a single crystal is raised, and the magnetic 

field is a horizontal magnetic field, and the magnetic field intensity should be more than 2000G. 

[001 6]V is controlled [ carrying out between G edge and G center in mm and less than 1.0 
** /in the publicly known publication 2 here, or ] to v OSFc | 0se ** 0 02 mm/min, And it is within the 

limits of the proposal of publicly known publication 1 statement to control an average of V to 
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V^ or . . **0.01 mm/min. 
OSFclose 

New knowledge is having suggested it becoming easy to set an average of G within a field to 
mm in less than 3 ** /, and for the way made into low-temperature degree inclination to obtain 
a defect-free crystal's, and magnetic field impression having been effective. 

[0017]ln JP,11-199387,A (henceforth "the publicly known publication 3"), the manufacturing 
method of the defect-free crystal which does not contain the OSF section, either is proposed, 
noting that there are a defect-free field [ dominance / hole / those with two kind and ] and a 
defect-free field [ dominance / silicon / between lattices ] in this publicly known publication 3 
also to a neutral field -- the silicon between lattices - it is indicated that the manufacturing 
method of the dominance defect-free crystal was proposed. 

[0018]The raising conditions of a defect-free crystal are making change in the field of G 
(Gmax-Gmin)/Gmin be less than 20%. 

This is also within the limits of the proposal indicated in the publicly known publication 1 , and 
the concrete method is not indicated. 

and ******** [ that the value of G currently displayed on this publicly known publication 3 is 
calculated in heat transfer analysis (FEMAG), and G corresponds with the crystal with the 
tendency of distribution by a radial direction actual not to mention an absolute value itself ] -- it 
is not clear. 

[0019]The method of manufacturing a crystal so that it may be only in a neutral state is 
proposed by JP,1 1-79889.A (henceforth "the publicly known publication 4"). The method is 
making shape of a solid-liquid interface smooth. 

Pulling up the height of a solid-liquid interface so that it may be set to less than **5 mm to 
average value is proposed. 

In such a case, G becomes uniform and is G edge. It was presupposed that G center can 
become in mm and less than 0.5 ** /. As a method of acquiring such smooth solid-liquid 
interface shape, magnetic field impression is effective and 2000 gauss or more of especially 
horizontal magnetic fields suppose that it is good. 

[0020]The new knowledge of this proposal is having regarded the shape of the solid-liquid 
interface as a factor. However, although the value of displayed G is calculated in heat transfer 
analysis (FEMAG) like the publicly known publication 3, Since it does not necessarily mean 
that that it is smooth in a solid-liquid interface has uniform G promptly, it is not clear whether 
G's it corresponds with the crystal with the actual tendency of distribution by a radial direction 
itself not to mention the absolute value. 
[0021] 

[Problem(s) to be Solved by the lnvention]As stated above, if the shaft-orientations 
temperature gradient G the growth rate V and near the solid-liquid interface is controlled 
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appropriately, it will have been supposed by the conventional proposal that a defect-free 
crystal is obtained. However, as already explained, it is remarkably difficult in addition to G 
being a dynamic thing which changes every moment during raising of a crystal, to evaluate it 
accurately or to predict it. It seems that the difference by a research institution reaches also 
twice and can be referred to as being an indefinite value also about the value of V/G actually 
supposed that a neutral state is acquired. 

[0022]Thus, while the growth rate V was a controllable parameter, since it changes 
dynamically difficult as for evaluation and prediction of G, in concrete implementation of the 
invention concerning the above-mentioned conventional technology, great trial and error were 
obliged to it. 

[0023]And since the relation between the concrete parameter which can be set, and G as a 
result is indefinite, the concrete means for realizing accurate G is clarified by neither at the 
publicly known publication concerning the above-mentioned conventional technology. 
[0024]This invention is made in view of the above technical problems, and the purpose traces 
concrete conditions required in order to obtain a defect-free crystal with stability and sufficient 
reproducibility, and there is in providing the method that the silicon ingot broadly provided with 
a defect-free field can be manufactured with stability and sufficient reproducibility. 
[0025] 

[Means for Solving the Problem]ln order to attain the above purposes, in this invention, a 
defect-free crystal is manufactured with stability and sufficient reproducibility by adjusting 
appropriately shape of a solid-liquid interface, and relation between temperature distribution in 
the side of a single crystal under raising, and **. 

[0026][lnfluence [ of shape of a solid-liquid interface ] - to formation of a basic thought -defect- 
free crystal of this invention] In completing such this invention, What it was traced for by this 
invention persons that shape of a solid-liquid interface is deeply concerned with formation of a 
defect-free crystal and that this "shape of a solid-liquid interface" is a controllable parameter 
actually contributes dramatically. 

[0027]As "shape of a solid-liquid interface" is a portion used as the interface when silicon melt 
solidifies and a silicon single crystal is formed, and shown to drawing 25 by here/the solid- 
liquid interface 14 can be defined as a boundary of the silicon single crystal 1 1 and the silicon 
melt 13. If such a solid-liquid interface 14 may be convex ( drawing 25 A), it may be convex 
( drawing 25 B). It is, also when becoming level depending on the case ( drawing 25 C), and 
also when becoming a flapping type (drawing 25 D). 

[0028]And the shape 14 of such a solid-liquid interface, It is the knowledge acquired by this 
invention persons, and since a convection of this silicon melt 13 can be controlled, that it is 
also deeply related to a convection of the silicon melt 13 can also control the shape 14 of a 
solid-liquid interface as a result. 
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[0029]lt is as follows if reference is made in more detail about knowledge newly acquired by 
this invention persons. That is, a thing with difficult evaluation of G (average of a temperature 
gradient in a crystal of shaft orientations) and difficult prediction is because G is strongly 
influenced by shape of a solid-liquid interface. And since shape of a solid-liquid interface is 
strongly governed in a melt convection, if it does not predict correctly to a melt convection, it 
cannot predict distribution of G correctly. Therefore, predictability of G by a heat transfer 
simulation which does not take a melt convection into consideration will become low inevitably. 

[0030]ln setting up conditions which require highly precise evaluation of adjusting a ratio of 

V/G to 0.20-0.22-mm 2 /**min here, an evaluation result of G which does not include a 
convection effect cannot be used. However, if it hit performing this, it had become a serious 
obstacle that art which predicts a melt convection in a crystal raising device in size of the 
present industrial level is not yet established. By establishing art which predicts an effect of a 
melt convection, this invention estimates G including a convection effect, and control of a very 
highly precise V/G ratio is enabled by it. 

[0031] Although it is a dynamic thing which G pulls up and changes to the midst every moment, 
as a factor which changes G during raising, change of heat balance by change of the length of 
a crystal, change of heat balance by change of a relative position of a crucible and a heater, 
change of quantity of melt, etc. can be mentioned. This invention persons have reached a 
conclusion of changing G because a convection of silicon melt changes and shape of a solid- 
liquid interface changes with these change when these change. 

[0032]Therefore, he adjusts shape of a solid-liquid interface and is trying to obtain a defect-free 
crystal stably and accurately by this by controlling a parameter relevant to a convection of the 
silicon melt 13 fundamentally in this invention. 

[0033]And "height of a solid-liquid interface" specified for the purpose as height [ of the solid- 
liquid interface 14 in the crystal center line 1 1a of the crystal 1 1 ] h (namely, height [ of a solid- 
liquid interface of a crystal center ] h) as shown in drawing 26 , It is necessary to control a hot 
zone so that a temperature gradient of the raising direction in the side 1 1b of the crystal 1 1 
correlates mutually (in addition, this is explained in detail later). 

[0034]By the way, basic constitution of a general hot zone of CZ furnace, The crucible 21 
which stores the silicon melt 13 and rotates itself as shown in drawing 27 , The heater 22 which 
heats this crucible 21 , and the thermal shield 23 which encloses the single crystal 1 1 which 
can be pulled up while being rotated from the silicon melt 13, and adjusts the amount of radiant 
heat to the single crystal 1 1 concerned, The side temperature control means 24 which 
performs a temperature control of the side 1 1 b of the single crystal 1 1 , and the solenoid 26 for 
impressing a magnetic field to the silicon melt 13 are included. 
[0035]Although the thermal shield 23 generally comprises a carbon member and a 
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temperature control of the side 11b of the single crystal 11 is performed by covering radiant 
heat from silicon melt 13 grade here, The side temperature control means 24 currently 
installed by surrounding the single crystal 1 1 like the thermal shield 23 comprises members 
which perform an endothermic or heating positively, such as an air conditioner and a heater. 
The heater 22 comprises the side heater 22a and the tank bottom heater 22b suitably, as 
shown in drawing 27 . 

[0036]And control and adjustment of a convection of silicon melt for carrying out this invention, 
and by extension, control and adjustment of height (h of drawing 26 ) of a solid-liquid interface, 
It can carry out by adjusting number of rotations of a crucible per unit time, crystal number of 
rotations per unit time, and intensity of a magnetic field where a magnetic field was impressed 
and impressed. 

[0037]Generally in any [ of an increase in number of rotations of a crucible per unit time, an 
increase in crystal number of rotations per unit time, and impression of a magnetic field ] case, 
height of a solid-liquid interface rises. And in order to manufacture a defect-free crystal in 
conformity with this invention, it is necessary with a rise of height of a solid-liquid interface to 
enlarge a temperature gradient of the side 1 1b of the single crystal 1 1 . 
[0038]The [conventional recognition about shape of a solid-liquid interface, and influence of a 
melt convection] Here, it is not described at all by the above-mentioned conventional 
technology about a point of control of shape of a solid-liquid interface, and control of a 
convection of silicon melt. It is as follows if reference is made about this. 
[0039]First, in the publicly known publication 2 and the publicly known publication 3, Evaluation 
of G (average of a temperature gradient in a crystal of shaft orientations). FEMAG (F. Dupret, 
P.Nicodeme, Y Ryckmans, P.Wouters, and M.J. Crochet, Int. J. Heat Mass Transfer, and 33 
1849 (1990)) is performing. The evaluation technique evaluates thermal radiation in a hot 
zone, and environment of thermal conduction, it is a request and an effect of a melt convection 
is not taken into consideration. However, since G is what is actually governed to a melt flowing 
condition strongly as already explained, the tendency of G shown by this technique of 
distribution by a radial direction of whether it corresponds with a actual crystal itself is not clear 
not to mention an absolute value. 

[0040]Therefore, a relation with G currently charged as distribution of actual G (average of a 
temperature gradient in a crystal of shaft orientations) in a actual crystal used for their 
experiment, and a range of patent, Supposing it is hard to say that it corresponds exactly 
mutually and frankly keeps, both relation will be able to say that it is even unknown with all the 

[0041 ]And since it is a thing [ a thing / influence on G also in an invention concerning the 
publicly known publication 1 or the publicly known publication 4 this situation is the same, and 
according to a melt convection or solid-liquid interface shape is not taken into consideration at 
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all, or ] which is not substantially taken into consideration, When G is pursued precisely, it is 
hard to say that distribution of actual G and G to which it points by a claim correspond exactly 
mutually. And when an invention which relates, for example to the publicly known publication 1 
is so carried out, even if it adjusts to V and V/G which are shown by a claim, a defect-free 
crystal cannot be obtained by being stabilized. 

[0042]ln size, also in this point 1, for example, a publicly known publication, influence on G of 
solid-liquid interface shape since consideration of becoming ****** was not made substantially, 
An example of manufacture of a defect-free crystal shown there is an example of manufacture 
in a certain solid-liquid interface shape which encountered by chance, and has not presented 
optimal conditions. Since it is manufacture in the state where solid-liquid interface shape is not 
fixed, an accidental element will also be referred to as being contained considerably there also 
about an example of a success of defect-free crystal production. 

[0043]lncidentally, a method of manufacturing a crystal so that it may be only in a neutral state 
is proposed by Japanese Patent Application No. No. (its company prior invention) 330713 [ ten 

to ]. And although V/G is 0.16-0.18-mm 2 /** min and that condition is setting a ratio of 
Gedge /Gcenter to 1.10, when it applies for this invention, a melt convection is not considered 
so deeply. 

[0044][Principle of this invention] By this invention persons 1 research, it is clear that elements 
which determine the shaft-orientations temperature gradient G of a crystal are temperature 
distribution of the crystal side and the shape of a solid-liquid interface. Here, since temperature 
in a solid-liquid interface is the melting point, if these two elements are determined, a boundary 
condition for determining temperature of a crystal will be determined, and regular temperature 
distribution inside a crystal will become settled uniquely. Then, it is supposed that a 
manifestation of a crystal defect is controlled by this invention by making these two elements 
into an operation parameter. 

[0045]Shape of a <shape of solid-liquid interface> solid-liquid interface can be arbitrarily 
controlled by control of a parameter to which a melt convection is changed. Temperature 
distribution of crystal lateral surface can also be arbitrarily controlled by composition of a hot 
zone. 

[0046]Then, this invention persons searched for conditions from which a defect-free crystal is 
obtained easily by controlling shape of a solid-liquid interface, and temperature distribution of 
crystal lateral surface. 

[0047]First, heat transfer analysis considered relation between shape of a solid-liquid interface, 
and G. Drawing 1 shows an example of survey of solid-liquid interface shape [ / near / where 
an OSF ring disappears / the growth rate ]. setting to such a low growth rate, as shown in 
drawing 1 - general - a position of a solid-liquid interface - a sea gull - although it becomes 
type (see the solid-liquid interface 14 of drawing 26 B with drawing 1 ) and becomes a convex 
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at the melt side, depending on a situation of a melt convection, it can also turn on a crystal side 
with a convex. 

[0048]Next, as shown in drawing 2 , solid-liquid interface shape is patternized based on shape 
of drawing 1 , A difference (henceforth "height of a solid-liquid interface") with solid-liquid 
interface height of a peripheral edge of a crystal for height of a solid-liquid interface in a crystal 
center from -20mm to +20 mm, A set of virtual interface shape changed at intervals of 5 mm 
was set up (as still more nearly already explained, "height of a solid-liquid interface" will be 
specified as height [ of the solid-liquid interface 14 in the crystal center line 1 1a of the crystal 
1 1 ] h, as shown in drawing 26 , if it is explained typically). 

[0049]Temperature distribution as patternized crystal side temperature distribution acquired 
from a result of comprehensive heat transfer analysis as temperature distribution of the 
<temperature distribution of the crystal side> crystal side and shown in drawing 3 was set up 
(in addition, the "crystal side" says a thing of the side 1 1 b of the crystal 1 1 shown in drawing 
26). And set-up temperature distribution T(X) was given with a following formula (1). 
[0050] 
[Equation 1] 

TOO K = 1685 K-l.78 X+ a X tt-400)' - iS(l) 

xttmm&m^oWM (mm) t (x) i*HttJMB*»6©B 

[0051]The temperature gradient in the solid-liquid interface in this formula is G Q = 1.78 when 

G Q =-(dT(X)/dX) . It is shown by +1 .6 x 10 5 a. Then, by setting out of a, the value of G Q of 

the crystal side was given at intervals of 0.5 **/mm to 1.5 to 5.0 *7mm. It is considered as a 
400-mm cylinder and the length of a crystal is a crystal diameter. It was referred to as 210 mm. 

[00521 Drawing 4 sets a horizontal axis as height of a solid-liquid interface, and is G 
(temperature gradient of the direction of crystal pulling.) of the crystal side. G at the time of 
explaining this invention hereafter - this meaning - using it - a contour line of G of a crystal 
center at the time of considering it as a vertical axis is shown. 

[0053]By height of <G of height [ of a solid-liquid interface ], crystal side, and crystal center> 
solid-liquid interface, it is G (temperature gradient of the direction of crystal pulling.) of a crystal 
center, the following -- it is the same - it turns out that it changes very a lot. The crystal side 
and a crystal center mean a temperature gradient from the melting point to 1350 **, and G 
here needs to be cautious of it not being G Q . 

[0054]Based on this calculation result, what computed a ratio of the temperature gradient G of 
lateral surface of a crystal and a temperature gradient of a crystal center is shown in drawing 
5. As shown in this drawing 5 , a ratio of the temperature gradient G of lateral surface of a 
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crystal and a temperature gradient of a crystal center is [ one ] near, and, as for uniform 
conditions, it turns out that G changes with the shape of a solid-liquid interface. And in order to 
obtain still more uniform G, it turns out that it is also necessary to give a temperature gradient 
of such the big side that solid-liquid interface height is high. 

[0055]By the way, in the publicly known publication 4, when smooth in shape of a solid-liquid 
interface, it supposes that G will become uniform, but when this calculation result ( drawing 5 ) 
is referred to, it turns out that it is only conditions on which G of the crystal side is materialized 
only when small. By referring to this calculation result shows that uniform G is obtained, even if 
it is high temperature inclination, when high [ height h of a solid-liquid interface ]. Although the 
one where an average of G within a field is lower supposes that it will be easy to obtain a 
neutral crystal in the publicly known publication 2 about this in mm, less than 3 ** /, and a 
temperature gradient, if only it sets up height of an interface highly, it turns out that uniform G 
is obtained also with high temperature inclination. 

[0056]<conditions from which a defect-free crystal is obtained> - a defect-free crystal 
searched for conditions acquired easily paying attention to such a relation. Height (h of 
drawing 26 ) of a solid-liquid interface was adjusted with existence and magnetic field intensity 
of impression of number of rotations of a crucible per unit time, crystal number of rotations per 
unit time, and a magnetic field. A temperature gradient of the crystal side (1 1 b of drawing 26 ) 
was adjusted with height from an oil level of a thermal shield (for example, thermal shield 23 of 
drawing 27 ) which encloses a crystal. 

[0057]After raising of a crystal, height of a solid-liquid interface cut a crystal to a lengthwise 
direction including a crystal axis, acquired a tabular sample, and evaluated it by an X-ray 
topograph by observing striation. 

[0058]A temperature gradient of the crystal side was searched for in comprehensive heat 
transfer analysis. For the foregoing paragraph, since evaluation of G in comprehensive heat 
transfer analysis cannot evaluate an effect of a melt convection correctly, it has stated saying 
that accuracy is scarce. However, it is for a solid-liquid interface position to change with melt 
convections. In an end of the crystal side, solid-liquid interface height hardly receives change 
by a convection theoretically. Therefore, compared with G inside a crystal, the reliability is 
high. 

[0059]Change of distribution of a defect sort by solid-liquid interface height and combination of 
conditions of G of the crystal side was investigated by setting out of raising conditions which 
are a crystal diameter of 210 mm, and crucible 22 inches in diameter. A crystal reduced a 
growth rate gradually and was grown up. And an X-ray topograph after Secco etching and heat 
treatment and Cu decoration method estimated distribution of a defect sort in each position of 
a crystal. 
[0060] 
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[Table 1] 
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[0061 ]An example of an evaluation result about the above three crystals is shown in drawing 6 , 
and 7 and 8. Drawing 6 , and 7 and 8 show an existence region of a defect sort when a vertical 
axis is made into a position of a radial direction of a crystal by making a horizontal axis into a 
growth rate. 

[0062]The minimum speed which the growth rate range from which a defect-free crystal is 
obtained cannot be overemphasized, and can set radially the transition speed of an OSF 
region and a defect-free field Maximum velocity of the transition speed of V osf, min, a defect- 
free field, and a dislocation cluster field which can be set radially It is between V dis and max. 
V osf, min and V dis which were defined in this way, and max are shown by the dashed line in 
drawing 7 and drawing 8 . 

[0063]Here, only when are referred to as deltaV = V osf, min- V dis, and max and deltaV is 
positive, a defect-free crystal will be obtained. When deltaV is defined in this way, it will be said 
that it is suitable for industrial production, so that it also becomes that the allowable width of 
raising speed is deltaV and it becomes large. And since it will be said that a single crystal can 
be pulled up further so promptly that the average value V of V osf, min, V dis, and max 
becomes large, it will be said that it excels in productivity, so that the average value V 
becomes large. 

[0064] Drawing 9 sets a horizontal axis as the height of a solid-liquid interface, and the contour 
line of deltaV at the time of setting a vertical axis as G of the crystal side shows it. Here, when 
deltaV is positive, training of a defect-free crystal is possible only in the range shown with the 
slash in this drawing 9 when saying by drawing 9 . As an industrial control range, it is a shading 
portion in a figure. (deltaV> 0.01 mm/min) It is preferred to carry out in the range. 
[0065]Average value of V osf at the time of setting a horizontal axis as the height of a solid- 
liquid interface, and on the other hand, setting a vertical axis as G of the crystal side at drawing 
10, min, V dis, and max The contour line of V was shown. The position of a solid-liquid 
interface is high, and drawing 9 and 10 show that a defect-free crystal can pull up at high 
speed, so that the temperature gradient of the crystal side is high temperature inclination (only 
henceforth high temperature inclination conditions). 

[0066]<a difference of the conventional knowledge and the knowledge acquired by this 
invention persons> ~ here, in the knowledge which starts an invention conventionally, if G is 
not uniform, it will have been supposed that a defect-free crystal is not obtained. In 
consideration of this, the range from which the homogeneous figure of the temperature 
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gradient of drawing 5 and the defect-free crystal of drawing 9 are obtained was compared. 
Then, it turns out that homogeneous good conditions and the range from which a defect-free 
crystal is obtained are not necessarily thoroughly in agreement. That is, in the conditions (only 
henceforth low-temperature degree inclination conditions) from which the temperature gradient 
of the crystal side turns into low-temperature degree inclination, even if G is quite uneven, a 
defect-free crystal is obtained. The knowledge where this starts an invention conventionally is 
different knowledge. 

[0067]Specification in which a defect-free crystal is formed in the conventional knowledge It 
has been supposed that a V/G ratio exists, it -- Voronkov's theory (V. V. Voronkov, J. Crystal 
Growth, Volume 59, page 625, 1982). Growing condition which the concentration of a hole and 
the silicon between lattices becomes equal, and will be in a neutral state It is dealt with like it 
being supposed that V/G will be determined to a natural thing. 

[0068]However, on the other hand, the variation between each research institution of the report 
value about the critical value of V/G is unusually large. It is considered that a report of all them 
is because the influence of G on the shape of a solid-liquid interface is not expected. 
[0069]Then, it asked for G in consideration of the size effect of the solid-liquid interface about 
drawing 6 and the example shown in 7 and 8, and evaluation by V/G of a defect region was 
performed. The valuation method of G used the solid-liquid interface shape of survey for 
calculation, and the temperature distribution of the crystal side set up the distribution searched 
for in comprehensive heat transfer analysis, and searched for it by the thermal rating. 
[0070]The result is shown in drawing 1 1 , and 12 and 13. A defect-free field is produced from a 
figure. It turns out that V/G is changing with the height of a solid-liquid interface a lot. It turns 
out that the V / the G value itself from which a defect-free crystal is obtained with solid-liquid 
interface shape change from this drawing 11 , and 12 and 13. 

[0071]Under [ the value of V/G reported with the publicly known publication 1 is equivalent to 
the value of drawing 1 1 in the crystal of drawing 6 in which the solid-liquid interface has fallen 
downward here ]. And since the width of V which penetrates a wafer surface in drawing 6 is 
dramatically narrow, it turns out that it is very difficult for all the wafer surfaces to control 
defect-free. From this, backing of it having been supposed that it was quite difficult to 
manufacture a defect-free crystal based on the report of the publicly known publication 1 can 
be taken. 

[0072]lt is criticality by the shape of a <Voronkov theory and this invention> solid-liquid 
interface. Although the prediction of the phenomenon in which V/G changes is impossible also 
by Voronkov's theory, it can carry out a certain amount of backing by this. Hereafter, backing 
by the Voronkov theory over critical V/G changing in relation to the shape of a solid-liquid 
interface is explained simply. 

[0073]According to the Voronkov theory, in the solid-liquid interface of silicon, a hole and the 
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silicon between lattices are concentration comparable as a point defect of a thermal balance, 
and think that many directions of a hole exist a little. And the diffusion coefficient in an elevated 
temperature presupposes that the silicon between lattices is larger. By an annihilation reaction, 
since a hole and the silicon between lattices reduce concentration rapidly mutually, they 
produce a concentration gradient and the inflow by diffusion produces them from a solid-liquid 
interface. Since the direction of the silicon between lattices with a big diffusion coefficient is 
then poured in so much, in the low-speed raising conditions which there is many diffusion time 
and are given, reversal of the relative relation of concentration arises and the silicon between 
lattices becomes superior. Since many diffusion time is not given but only an annihilation 
reaction occurs by high-speed raising on the other hand, it is the model that a hole superior 
from the first will remain to dominance as it is. 

[0074]The growing condition from which Voronkov will be in a neutral state is specific. The 
case where it was premised on diffusion of a one-dimensional point defect drew what is 
described by V/G. That is, when flatness and temperature distribution have a uniform solid- 
liquid interface radially, it corresponds. However, a one-dimensional model cannot describe a 
actual crystal. If Voronkov's consideration is followed, since it produces in the direction of a 
temperature gradient, a perpendicularly strong concentration gradient will generate the 
concentration gradient of a point defect in a solid-liquid interface. 
[0075]That is, since diffusion pouring of the silicon between lattices is perpendicularly 
produced not in a crystal orientation but in a solid-liquid interface when a solid-liquid interface 
is not flat, Probably, it is also possible that the effect of two-dimensional diffusion, such as 
concentration of the silicon between lattices by the side of the center of a crystal or diffusion to 
the outside direction of a crystal, arises with the shape of a solid-liquid interface. Therefore, 
qualitatively, this experimental result "critical V/G from which a neutral state is acquired is 
dependent on the shape of a solid-liquid interface" can be supported also by the diffusion 
pouring theory of the silicon between lattices by Voronkov. 

[0076][lndication of an invention] This invention specified based on the above mentioned is 
specifically as follows. 

[0077](1) How to manufacture a defect-free crystal in consideration of the shape of the solid- 
liquid interface of said silicon melt and said silicon single crystal in pulling up a silicon single 
crystal from silicon melt by a CZ process. 

[0078]lf it compares with the essence of this invention, it will hit pulling up a silicon single 
crystal from silicon melt by "CZ process, It is the height of the solid-liquid interface of said 
silicon melt and said silicon single crystal, method of manufacturing a defect-free crystal in 
consideration of the height of the solid-liquid interface of a crystal center. Method of 
manufacturing a defect-free crystal in consideration of the convection of said silicon melt in 
pulling up a silicon single crystal from silicon melt by" and "CZ process. " - it can also regard 
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as the same thing substantially with the above (1). 

[0079](2) The shape of the solid-liquid interface which is the method of manufacturing a silicon 
ingot by pulling up a silicon single crystal from silicon melt by a CZ process, and is a boundary 
of said silicon melt and said silicon single crystal, How to manufacture the silicon ingot which 
includes a defect-free field by adjusting the temperature distribution of the crystal side of said 
silicon single crystal. 

[0080](3) said - solid-liquid - an interface -- shape -- adjustment -- a crystal center -- solid- 
liquid -- an interface - height - adjusting - things - carrying out - said -- a silicon single 
crystal -- a crystal -- the side - temperature distribution - adjustment - a crystal - a peripheral 
part - raising - a direction - a temperature gradient - adjusting -- things -- carrying out - 
things - the feature - carrying out - (- two -) -- a statement -- a method . 
[0081 ](4) A method given in (3) the height of the solid-liquid interface of said crystal center 
being not less than 10 mm. 

[0082](5) Adjustment of the height of the solid-liquid interface of said crystal center, Adjustment 
of the intensity of the magnetic field impressed to said silicon melt, adjustment of the number 
of rotations per unit time of the crucible which stores said silicon melt, and -- said - a silicon 
single crystal - unit time - per - number of rotations - adjustment - becoming -- a group - 
from - choosing - having - one - more than - a thing - carrying out - things - the feature - 
carrying out -- (-- three -) - a statement - a method . 

[0083](6) A method given in (5) the intensity of said magnetic field being 2500 gauss or more. 
[0084](7) In pulling up a silicon single crystal from silicon melt by a CZ process, How to raise 
the productive efficiency of a defect-free crystal by the height of the crystal center portion of 
the solid-liquid interface of said silicon melt and said silicon single crystal being not less than 
10 mm, and gathering the raising speed of a silicon single crystal. "The height of the crystal 
center portion of a solid-liquid interface" is synonymous in "the height of the solid-liquid 
interface of a crystal center." 

[0085]By pulling up a silicon single crystal from silicon melt by a CZ process, are a silicon ingot 
a device to manufacture and (8) The height of the solid-liquid interface of the crystal center 
portion of the solid-liquid interface of said silicon melt and said silicon single crystal, A silicon 
ingot manufacturing installation being set up so that the temperature gradient of the crystal 
side of said silicon single crystal and ** may belong to the field shown with the slash of drawing 
9, and pulling up a silicon single crystal. 

[0086]However, this device removes as a result the case where a single crystal is pulled up 
from the following (I) under the single crystal raising conditions of one of (lll)s. 
[0087](l) When you set raising speed of a crystal to V (mm/min) and you set the average of the 
temperature gradient in the crystal of the shaft orientations between 1300 ** to G (*7mm) from 
the melting point of silicon, control so that the ratio expressed with V/G serves as 0.20-0.22- 
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mm 2 /**min. 

[0088](ll) An average of G within a field is less than 3 *7mm, and between Gedge and Gcenter 

is less than 1 .0 **/mm, V is controlled to V^ oir . **0.02 mm/min, The magnetic field intensity 

OSFclose 

carries out [ controlling an average of V to v 0 sFciose** 0 01 mm/min ' and I magnetic field 
impression beyond 2000G in a horizontal magnetic field (in addition, G edge is the average of 
the shaft-orientations temperature gradient by the side of the crystal side.). G center is the 
average of the shaft-orientations temperature gradient by the side of a crystal center. V OSF 
close is a raising speed at which an OSF ring disappears, when decreasing raising speed. . 
[0089]V (mm/min) (III) -- the raising speed of a single crystal, and the average value of the 
crystal internal temperature degree inclination of raising shaft orientations [ in / in G (*7mm) / 
the temperature requirement from a silicon melting point to 1350 ** ]. Gouter should set to V/G 

value =0.16-0.18-mm 2 /** and min between a crystal center position and the position to a 
crystal periphery, and should be set to Gouter/Gcenter<=1.10 noting that the G value in the 
lateral surface of a crystal and Gcenter are the G value in a crystal center. 
[0090]lt is more preferred to control to enter here about the field shown with the slash of 
drawing 9 in the field where the height of a solid-liquid interface and the temperature gradient 
of the crystal side were shown by shading of drawing 9 actually [ both ]. When the productive 
efficiency of a silicon ingot or a silicon wafer is taken into consideration, the data of drawing 10 
is also taken into consideration. According to the general embodiment, the data of drawing 9 is 
both also stored [ data of drawing 10 ] in the memory of a silicon ingot manufacturing 
installation, and suitably, a device reads this, is pulled up and sets up conditions. 
[0091 ](9) The defect-free crystal which could pull up the speed (further speed more than 0.45 
mm/min) more than 0.40 mm/min, and was manufactured. A defect-free crystal is a hypoxia 
defect-free crystal preferably, and as shown by the next example, raising speed can also be 
set as 0.56 - 0.49 mm/min. 

[0092](10) A silicon ingot with a caliber of not less than 200 mm to which a field defect-free in 
the whole inside of a wafer surface exists more than 55% (ratio of the length to a silicon ingot 
overall length) (preferably not less than 70%). By the manufacturing method of the defect-free 
crystal concerning conventional technology, since it was impossible, it is new to manufacture a 
large caliber silicon ingot provided with such a wide range defect-free field, and it is included in 
the range of this invention also about this. "The field defect-free in the whole inside of a wafer 
surface" has pointed out a field where the whole field of the wafer cut down from the ingot 
becomes defect-free. 

[0093](11) Five or more (preferably) were manufactured continuously The silicon ingot group 
which are ten or more silicon ingot groups and by which the field defect-free in the whole inside 
of a wafer surface is constituted only from a silicon ingot with a caliber of not less than 200 mm 
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which exists more than 50% (ratio of the length to a silicon ingot overall length) (preferably not 
less than 55%). 

[0094]ln the manufacturing method of the defect-free crystal concerning conventional 
technology, since it was difficult to manufacture a defect-free field stably, it was stabilized and 
were not able to manufacture a large caliber silicon ingot in which not less than 55% of a 
defect-free field exists [ in / whole / a wafer surface ] (five continuing, for example), but. 
According to this invention, it becomes possible. 

[0095](12) A silicon ingot with a caliber of not less than 200 mm in which a field defect-free in 
the whole inside of a wafer surface exists by 24 or less ppma more than 40% (ratio of the 
length to a silicon ingot overall length) in an oxygen density. 

[0096]The following can be shown as a silicon ingot manufacturing method corresponding to 
the silicon ingot manufacturing installation of the above (8). 

[0097]By pulling up a silicon single crystal from silicon melt by a CZ process, are a silicon ingot 
the method of manufacturing and (13) The height of the solid-liquid interface of the crystal 
center portion of the solid-liquid interface of said silicon melt and said silicon single crystal, A 
silicon ingot manufacturing method being set up so that the temperature gradient of the crystal 
side of said silicon single crystal and ** may belong to the field shown with the slash of drawing 
9, and pulling up a silicon single crystal. 

[0098]lt can also be grasped that this invention is the one very effective method of drawing the 
optimal condition for defect-free crystal production as the whole surface. Therefore, all acts 
that this invention analyzes the shape of a solid-liquid interface when the following is also 
included in the range and uses the existing electric heat analysis device etc. as the concept, 
and search for the optimal condition for defect-free crystal production will be included in the 
range of this invention. 

[0099](14) How to derive the optimal condition for defect-free crystal production by pursuing 
the shape of the solid-liquid interface of said silicon melt and said silicon single crystal in 
pulling up a silicon single crystal from silicon melt by a CZ process. 
[0100]About the ingot in which a defect-free field exists [ in / whole / <- (12) and (9) 
conventional technology> wafer surface ]. M. Hourai and H.Nishikawa, T. Tanaka, S.Umeno, 
E.Asayama, T.Nomachi, G.Kellty, and "Semiconductor Silicon"Electrochemical Society 
ProceedingsPV. In 98-1, 1998, and p453 (the following, publicly known publication 5), the ingot 
which serves as such [ 73% (however, value judged from the photograph shown) ] a defect- 
free field of the overall length about a 6 inches (150 mm) crystal is indicated. J.G. Park, 
G.S.Lee, and J.M.Park, S.M. Chou, H.KChung, "Defect in Silicon IH"Electrochemical Society 
ProceedingsPV 99-1, 1999p324. In (the following and the publicly known publication 6), 200- 
mm ingots are crystal [ in overall length / 1200 mm ] inside, and 600 mm (namely, 50% of an 
overall length). It is reported that the defect-free thing was made. 
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[0101]Therefore, it is clear that "a silicon ingot with a caliber of not less than 200 mm to which 
a field defect-free in the whole inside of a wafer surface exists more than 55% (ratio of the 
length to a silicon ingot overall length) (preferably not less than 70%)" of the above (10) is new. 

[0102]Since it is stabilized and such a thing cannot be manufactured, even though it has come 
out that the whole inside of a wafer surface makes a silicon ingot with a caliber of not less than 
200 mm in which 50% of a defect-free field exists according to the method of the publicly 
known publication 6, The above (11) "5 or more (preferably) were manufactured continuously 
A field are ten or more silicon ingot groups, and defect-free in the whole inside of a wafer 
surface is more than 50% (ratio of the length to a silicon ingot overall length) (preferably). It is 
clear that a silicon ingot group which comprises only a silicon ingot with a caliber of not less 
than 200 mm existed not less than 55%" is also new. 

[0103]Since the oxygen density is not indicated in the above-mentioned publicly known 
publications 5 and 6 as for the thing of 24 or less ppma, "oxygen density of the above (12) is 
24 or less ppma, The whole inside of a wafer surface where a silicon ingot with a caliber of not 
less than 200 mm in which a defect-free field exists more than 40% (ratio of the length to a 
silicon ingot overall length)" is also new is clear. 

[0104]By the way, although the description about the raising speed of a crystal does not exist 
in the above-mentioned publicly known publication 6, pulling up a crystal by 0.40 mm/min in 
the publicly known publication 5 is indicated. However, the crystal which was able to be pulled 
up by 0.40 mm/min in the publicly known publication 5 is a 6 inches (150 mm) thing, and is not 
a 200-mm thing. Although the report about what the defect-free state was formed in the 
publicly known publication 4 for at the crystal pulling speed of 0.55 mm/min is made, The ingot 
in which a defect-free field exists [ in / whole / a wafer surface ] only by saying [ that some 
crystals changed into the defect-free state when it pulled up at the speed concerned ] when it 
pulls up at the speed concerned was not necessarily manufactured. This, 0.53 M.lida which 
has reported that the defect-free state was formed at the crystal pulling speed of mm/min, 
W.Kusaki, M.Tamatsuka, E.lino, M.Kimura, S.Muraoka, and "Defectin. The same may be said 
of Silicon 1 1 ("Electrochemical Society Proceedings PV 99-1 and 1999p499 (publicly known 
publication 7). 

[0105]Therefore, it is clear that "a defect-free crystal which could pull up the speed (further 
speed more than 0.45 mm/min) more than 0.40 mm/min, and was manufactured" of the above 
(9) is also new. 

[0106]A defect-free crystal (perfect crystal) means a void (cave) defect, an oxidation induction 
stacking fault (OSF;Oxidation Induced Stacking Fault), and the thing of the crystal in which 
neither of a dislocation cluster exists. A defect-free field (perfect crystal field) or a defect-free 
field, Also in a crystal, a void (cave) defect, an oxidation induction stacking fault 
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(OSF;Oxidation Induced Stacking Fault), and the field where neither of a dislocation cluster 
exists are meant. 

[0107]Adjustment of solid-liquid interface shape Adjustment of the crystal number of rotations 
per unit time, While adjustment of the direction of adjustment of the crucible number of 
rotations per unit time, magnetic field intensity, and a magnetic field, adjustments of a tank 
bottom heater output, or such combination can perform, Adjustment of the distance between a 
thermal shield and silicon melt, installation of the air conditioner and heater which surround the 
crystal which can be being pulled up, adjustments of a tank bottom heater output, or such 
combination can perform adjustment of the shaft-orientations temperature gradient (G) of the 
crystal side. 
[0108] 

[Embodiment of the lnvention]As stated above, a defect-free crystal is obtained by controlling 
the temperature gradient of solid-liquid interface height and the crystal side in the proper state. 
About the temperature gradient of the crystal side, it is well known by the adjustment of 
radiation environment which the crystal side receives that it can adjust. However, about 
adjustment of the height of a solid-liquid interface, numerical assessment is difficult. However, 
the qualitative tendency of the factor which controls this, and its operation is clear, and can find 
out a control condition by some trial and error. 

[0109]Below, the example of control of the height of a solid-liquid interface is shown. The 
crystal number of rotations per unit time, the crucible number of rotations per unit time, and the 
relation between the impression strength of a transverse magnetic field and the height of a 
solid-liquid interface were shown in drawing 14 , and 15 and 16, respectively. It turns out that a 
solid-liquid interface goes up as shown in these figures so that the crystal number of rotations 
per unit time is raised and the crucible number of rotations per unit time is raised, and, so that 
the impression strength of a transverse magnetic field is raised. The reason is explained 
below. 

[01 10]lt is thought that the height of a solid-liquid interface is determined by the heat balance 
expression (lower type (2)) called Stefan conditions. 
[0111] 
[Equation 2] 

L p V = Kl Gl-Ks Gs - 5$ (2) 

ifcfc Gl. Gs \tm.Wi*tZxmiham&*3Bi**>'S* 

[01 12]lt must always be satisfied with a solid-liquid interface of an upper type on energy 
balance, and it is thought that a solid-liquid interface position is always moved to the position in 
which the upper formula is satisfied. That is, temperature gradient of melt It turns out that Gl 
governs the position of a solid-liquid interface strongly. Since the temperature distribution in 
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melt is strongly influenced by a melt convection, it can control the position of a solid-liquid 
interface by operating the factor which governs a convection. 
[01 13]ln order to induce the winding-up style of the melt by crystal rotation, hot melt 
approaches near the solid-liquid interface of a crystal, and the rise of crystal number of 
rotations causes the rise of a solid-liquid interface position in order to make Gl increase. 
Having the effect of making the free convection in a crucible controlling is known, and the 
increase in crucible rotation causes the rise of an interface in order to promote the effect of the 
convection relatively induced by crystal rotation. Impression of a magnetic field controls the 
heat transport by a convection in order to control the convection in melt. Therefore, the 
temperature gradient Gl within melt increases and the rise of a solid-liquid interface is caused. 
The above thing is explained well qualitatively. In order to predict quantitatively, it is necessary 
to perform the simulation of a melt convection including a turbulent flow, and is accompanied 
by difficulty, but since it is clear, a qualitative tendency can be controlled by some trial and 
error. 

[01 14][General procedure for setting up training conditions of a defect-free crystal concerning 
this invention] A general procedure of setting up conditions which raise a defect-free crystal 
concerning this invention is shown below. 

(Step 1) First, drawing 9 and 10 are referred to and it is the tolerance level of a desired growth 
rate and a growth rate. (deltaV) An aim is determined. 

(Step 2) Comprehensive heat transfer analysis determines hot zone composition which obtains 
G of the crystal side of the setting out. 

(Step 3) It determined (Step 2). Hot zone Raising speed is decreased gradually and a crystal is 
pulled up. 

(Step 4) A crystal pulled up is cut to a lengthwise direction, and distribution of a defect sort is 
evaluated. And height of a solid-liquid interface [ / raising speed which a neutral field 
generates, and near / its / the raising speed ] is evaluated. 

(Step 5) With reference to an evaluation result, a means to adjust G of height of a solid-liquid 
interface and the crystal side to a proper range is provided to drawing 9, and it carries out to it 
again (Step 3) (Step 4). 

[01 15]As a means to adjust height of a solid-liquid interface, as mentioned above, adjustment 
of crystal number of rotations per unit time, adjustment of crucible number of rotations per unit 
time, impression of a transverse magnetic field of prescribed strength, etc. can be mentioned. 
Adjustment of radiation environment which the crystal side receives can perform adjustment of 
a temperature gradient of the crystal side. And a growing condition which obtains a defect-free 
crystal easily can be found by such operation. If in charge of search of such a growing 
condition, it cannot be overemphasized that a design variation by a person skilled in the art is 
woven in if needed. 
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[0116] 

[Example] Below, the example of this invention is shown. 

[01 17]Crystal diameter In the bottom of setting out of the raising conditions which are 210 mm, 
and crucible 22 inches in diameter, change of distribution of the defect sort by solid-liquid 
interface height and the combination of the conditions of G of the crystal side was investigated. 
The crystal reduced the growth rate gradually and was grown up. And the X-ray topograph and 
Cu decoration method after Secco etching and heat treatment estimated distribution of the 
defect sort in each position of a crystal. Hereafter, the result in three growing conditions is 
shown as an example. 
[0118] 
[Table 2] 











m 6 




2. 1 'C/mm 




is 7 


+7.0 mm 


2. 7 t/mm 


*jgjj|jl 2000 gjM 


B8 O&ii 


+14. 7 am 


2.82 tVcrm 





[01 19]Oxygen densities are 24 to 32ppma (OLD ASTM, F 121-79). Drawing 6 , and 7 and 8 are 
the field figures of the defect sort in which the existence region of a defect sort when a vertical 
axis is made into the position of the radial direction of a crystal by making a horizontal axis into 
a growth rate is shown. 

[0120]The minimum speed in which the growth rate range from which a defect-free crystal is 
obtained can set radially the transition speed of an OSF region and a defect-free field 
Maximum velocity of the transition speed of V osf, min, a defect-free field, and a dislocation 
cluster field which can be set radially It is between V dis and max. Only when are referred to as 
deltaV = V osf, min-V dis, and max, and deltaV is positive, a defect-free crystal is obtained. 
The allowable width of raising speed. It is suitable for industrial production, so that it is set to 
deltaV and it becomes large, and it excels in productivity, so that the average value V of Vosf, 
min, V dis, and max becomes large. 
[0121] 
[Table 3] 





V osf, min 


V dis, max 


V 




0.320 mm/min 


0.317 mm/min 


0. 003 mm/min 


a 7 ojbs 


0. 462 mm/min 


0.460 mm/min 


0.002 mm/min 


as otssi 


0.482 mm/min 


0.452 mm/min 


0.030 mm/min 



[0122]The result of having repeated such an experiment is shown in drawing 9 and 10. 
Drawing 9 sets a horizontal axis as the height of a solid-liquid interface, and the contour line of 
deltaV at the time of setting a vertical axis as G of the crystal side is shown. Only at the range 
shown with the slash of drawing 9 , they are hatching portions (deltaV> 0.01 mm/min) also in 
the slash in a figure as an industrial control range which can raise a defect-free crystal. A 
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certain thing is preferred. 

[0123]A horizontal axis is set as the height of a solid-liquid interface, and the contour line of the 
average value V of V osf at the time of setting a vertical axis as G of the crystal side, min, V 
dis, and max is shown in drawing 10 . It turns out that the position of a solid-liquid interface is 
high, and a defect-free crystal can pull up from drawing 9 and drawing 10 at high speed, so 
that it is high temperature inclination. 

[0124]When it is the height of a solid-liquid interface and the combination of the temperature 
gradient of the crystal side which are shown in the slash part of drawing 9, a defect-free crystal 
can be obtained by pulling up with the growth rate shown by drawing 10 . 
[0125]As an adjustment device of the height of a solid-liquid interface, adjustment of the crystal 
number of rotations per unit time, adjustment of the crucible number of rotations per unit time, 
and adjustment of the impression strength of a transverse magnetic field are mentioned so that 
it may illustrate to drawing 14 , and 15 and 16. It turns out that a solid-liquid interface goes up 
as shown in a figure, so that crystal number of rotations is raised and crucible number of 
rotations is raised, and, so that the impression strength of a transverse magnetic field is raised. 

[0126]The height of a solid-liquid interface from drawing 9 and 10. When it is more than 10 
mm, it turns out that the range which a defect-free crystal is a quick raising speed, and can be 
manufactured with allowable width with a wide growth rate exists. Drawing 16 shows that such 
solid-liquid interface height is easily obtained by impression of a horizontal magnetic field of 
2500 gauss or more. 

[0127]moreover - there are many factors which are alike other than this and influence solid- 
liquid interface height -- the any -- although -- it can use as a control parameter. For example, if 
the power of the heater installed in the crucible pars basilaris ossis occipitalis is made to 
increase, solid-liquid interface height will rise. Even if the kind of magnetic field is a cusped 
magnetic field, the height of a solid-liquid interface is controllable like a horizontal magnetic 
field (transverse magnetic field). The height of a solid-liquid interface can be adjusted also by 
immersing in a crucible the second crucible whose diameter is smaller than a crucible, or a 
cylindrical quartz tube. That is, the factor which influences the convection of melt can be used 
as a means to adjust the height of a solid-liquid interface, no matter what thing it may be. 
[0128]The adjustment of radiation environment which the crystal side receives can perform 
adjustment of the temperature gradient of the side of a crystal. That is, the temperature 
gradient of the side of a crystal can be arbitrarily adjusted with the design of a hot zone 
including installation of the heater as adjustment of the bottom of the thermal shield 23, and 
the distance between the silicon melt 1 3, and the side temperature control means 24, or an air 
conditioner etc. 

[0129]The height of a solid-liquid interface and the temperature gradient of the crystal side 
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change with the increases in the length of a crystal gradually. Therefore, it is preferred to 
correct and adjust a growth rate slightly with the increase in length. 

[0130]As mentioned above, the temperature distribution in a crystal is uniquely determined by 
"shape of a solid-liquid interface", and "the temperature distribution of the crystal side." And 
this invention persons standardized "shape of the solid-liquid interface" with the concept of "the 
height of the solid-liquid interface of a crystal center." In other words, this invention persons 
represented "shape of the solid-liquid interface" with "the height of the solid-liquid interface of a 
crystal center", and expressed it. This invention persons standardized "temperature distribution 
of the crystal side" with the concept of "the temperature gradient of the crystal side." In other 
words, this invention persons represented "temperature distribution of the crystal side" 
according to "the temperature gradient of the crystal side", and expressed it. And this invention 
persons showed that a defect-free field was obtained easily by performing conditioning by 
making them into a parameter, as mentioned above. 

[0131]However, there may be various types of the shape of a solid-liquid interface and the 
temperature distribution of the crystal side. However, also in that case, drawing 9 and a 
tendency as shown by 10 are maintained, and some gap only produces them. That is, there is 
no change in the ability to find out the manufacturing conditions of a defect-free crystal easily 
by the following procedures in any way. 

[0132](Step 1) First, drawing 9 and 10 are referred to and it is the tolerance level of a desired 
growth rate and a growth rate. (deltaV) An aim is determined. 

(Step 2) By comprehensive heat transfer analysis, it is the crystal side of the setting out. G is 
obtained. Hot zone It opts for composition. 

(Step 3) Determined hot zone (Step 2) Raising speed is decreased gradually and a crystal is 
pulled up. 

(Step 4) The crystal pulled up is cut to a lengthwise direction, and distribution of a defect sort is 
evaluated. And the height of a solid-liquid interface [ / the raising speed which a neutral field 
generates, and near / its / the raising speed ] is evaluated. 

(Step 5) With reference to an evaluation result, a means to adjust G of the height of a solid- 
liquid interface and the crystal side to the proper range is provided to drawing 9, and it carries 
out to it again (Step 3) (Step 4). 

[0133]As a means to adjust the height of a solid-liquid interface, means, such as adjustment of 
crystal number of rotations, crucible number of rotations, and the impression strength of a 
transverse magnetic field, are employable as mentioned above. The adjustment of radiation 
environment which the crystal side receives performs the temperature gradient of the crystal 
side as mentioned above. 

[0134]Since drawing 9 and 10 are created about an 8-inch crystal, they are inapplicable to a 
crystal (6 inches and 12 inches) as they are. However, since the procedure using adjustment 
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of the temperature gradient of solid-liquid interface height and the crystal side as a procedure 
which finds out the conditions which manufacture a defect-free crystal is applicable as it is, 
according to this invention, it can find out the manufacturing conditions of a defect-free crystal 
easily. 

[0135][Manufacture of a defect-free ingot] Below, the example which manufactured the ingot of 
the defect-free long picture is shown. 

[0136]<Example of non-magnetic field training crystal> crystal diameter 210 mm and diameter 
in a crucible 22 inches and solid-liquid interface height Temperature gradient of -5.7 mm and 
the crystal side It is 2.1 *7mm and magnetic field impression nothing and crystal number of 
rotations pulled up the crystal on the conditions of 12 rpm in 12 rpm and crucible number of 
rotations. The pattern to the raising length of raising speed is as being shown in drawing 17 , 
and an oxygen density is about 28 ppma. 

[0137]After cutting the crystal pulled up to a lengthwise direction including a crystal axis, the X- 
ray topograph photograph of the sample which performed heat treatment of 16 hours (oxygen 
environment) at plus 1000 ** at 780 ** for 3 hours is shown in drawing 18 . 
[0138]Since the white portion which is visible in a defect-free part, and a black portion 
correspond to the defect-free field of hole dominance, and the defect-free field of the silicon 
dominance between lattices, respectively and differ in the precipitation amount of oxygen, the 
difference of contrast is in sight here, but it is [ both ] defect-free. Distribution of a defect sort is 
shown in drawing 19 as a field figure. It turns out that the defect-free field was obtained from 
this drawing 19 over the wide range of an ingot. 

[0139]ln drawing 9 , although allowable growth rate deltaV is located in a positive field, deltaV 
of this growing condition is a very small field. Therefore, difficulty follows on manufacture of the 
crystal in this condition. 

[0140]<Example of magnetic field impression training crystal> crystal diameter 210 mm and 
diameter in a crucible 22 inches, Solid-liquid interface height Temperature gradient of +13.0 
mm and the crystal side 2.82 *7mm, horizontal magnetic field impression of 3000 gauss, and 
crystal number of rotations are [ 12 rpm and crucible number of rotations ] to crystal rotation 
and an opposite direction. The crystal was pulled up on the conditions of 1.3 rpm. The pattern 
to the raising length of raising speed is as being shown in drawing 20 , and an oxygen density 
is about 26 ppma. 

[0141]Distribution of a defect sort is shown in drawing 21 . It turns out that the defect-free field 
was obtained from this drawing 21 over the wide range of an ingot. The raising speed from 
which the defect-free crystal was obtained is 0.43. It was **0.01 mm/min. As for it, this growing 
condition turns out in drawing 9 that allowable growth rate deltaV is a large field in positive. 
Manufacture of the defect-free crystal in this condition was actually very easy. 
[0142]The oxygen densities in <example of hypoxia concentration training> drawing 9 and the 
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crystal of 10 are 24 which is the range of an oxygen density practical now - 32 ppma (OLD 
ASTM, F 121-79). However, when this invention persons set an oxygen density to 24 or less 
ppma, it found out that the growth rate which expands the permission raising speed range 
where the defect-free crystal in drawing 9 is obtained and from which a defect-free crystal is 
obtained also increased. Manufacturing conditions can be easily found out by using the 
procedure which finds out the conditions which manufacture the above-mentioned defect-free 
crystal also in that case. The example is shown below. 

[0143]Crystal diameter 210 mm and diameter in a crucible 22 inches and solid-liquid interface 
height Temperature gradient of 14.0 mm and the crystal side 2.82 **/mm, Horizontal magnetic 
field 3000 gauss magnetic field impression and crystal number of rotations 12 rpm and crucible 
number of rotations are in crystal rotation and the direction. The crystal was pulled up on the 
conditions of 1.3 rpm. The pattern to the raising length of raising speed is as being shown in 
drawing 22 , and an oxygen density is 12 - 14 ppma. 

[0144]Distribution of a defect sort is shown in drawing 23 . Also raising speed range where the 
defect-free field spreads out in the wide range of an ingot, and a defect-free field is obtained It 
turns out that they are 0.56 - 0.49 mm/min and high speed. 

[0145]There is lida's and others report about the speed which a defect-free field generates due 
to the fall of an oxygen density rising. (M. "Defect in Silicon IIT'Electrochemical Society) [ lida, 
W.Kusaki, M.Tamatsuka, E.lino, M.Kimura, S.Muraoka, ] Proceedings PV 99-1, p499. 
Sakurada et al. (JP.1 1-199386.A) When an oxygen density is 24 or less ppma, it generates. 
Since the density of OSF became very low, it was shown that manufacture of a substantial 
defect-free crystal becomes easy. 

[0146]For example, it is 16 hours at 3-hour plus 1000 ** in 780 **. (oxygen environment) 
Oxygen density in heat treatment A relation with the density of OSF is shown in drawing 24 . 
This drawing 24 shows that OSF does not occur below in 24 ppma in an oxygen density. And 
the range of the raising speed from which a defect-free field is obtained since OSF does not 
occur, At the hyperoxia, it is from Vosf and min. Although it turns out that what was V dis and 
max becomes between the minimum raising speed Vvoid, min, and Vdis which a void defect 
produces, and max(es), and becomes larger than hyperoxia conditions, Concrete 
manufacturing conditions cannot be drawn from these knowledge. 
[0147]Therefore, this result cannot be drawn from these knowledge, but it can be said that it 
became possible to draw the first concrete manufacturing conditions that were not indicated at 
all in the conventional knowledge by the method of this invention. And it can be said that it 
became possible to find out easily the conditions which make it possible to manufacture the 
ingot which is brought into a large field for the first time, and has a defect-free field by the 
method of this invention with stability and sufficient reproducibility: 
[0148] 
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[Effect of the lnvention]The shape of the solid-liquid interface which is a boundary of silicon 
melt and a silicon single crystal when this invention pulls up a silicon single crystal from silicon 
melt, as explained above, By adjusting appropriately the relation between the temperature 
distribution in the side of the single crystal under raising, and **, it makes it possible to 
manufacture a defect-free crystal with stability and sufficient reproducibility. 
[0149]According to such this invention, also in any of the raising direction of a crystal, and the 
plane direction of a wafer, it becomes possible to manufacture the ingot which has a defect- 
free field over the wide range with stability and sufficient reproducibility. Therefore, according 
to this invention, since a defect-free field can be formed over the wide range of the raising 
direction of a crystal, there are many defect-free wafers which can be taken from per ingot, and 
it is suitable for the mass production of a defect-free wafer. Since according to this invention a 
defect-free field can be formed even if it crosses to the wide range of the plane direction of a 
wafer, For example, in order to manufacture the wafer of not less than 200 mm in diameter a 
large caliber, even when the ingot of a large caliber is pulled up, the whole surface of the wafer 
of the large caliber concerned can stabilize for it and mass-produce a defect-free thing so that 
clearly from drawing 23 . 

[0150]For example, according to this invention, even though it is accompanied by some 
difficulties, a field defect-free in all within a wafer surface 200 mm in diameter can manufacture 
the ingot existing [ not less than 55% of ] also in the state where a magnetic field is not 
impressed ( drawing 19 ). When a magnetic field (2500 gauss or more) is impressed, a field 
defect-free in all within a field 200 mm in diameter can manufacture easily the ingot which 
exists not less than 70% ( drawing 21 ). 

[0151]According to this invention, it is stabilized and the defect-free crystal of hypoxia 
concentration can be manufactured. This is also the same as when manufacturing the large 
caliber wafer of hypoxia concentration (for example, refer to drawing 23 .). According to this, 
the ingot in which not less than 40% of a field defect-free in all within a field 200 mm in 
diameter exists is manufactured easily. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 
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[Drawing 3] 
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[Drawing 6] 
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[Drawing 9] 
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[Drawing 25] 
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[Drawing 16] 
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[ Drawing 21] 
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[Drawing 22] 
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